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zonriTYXsa  cogmztzvb  obcrembkts  caused  by  hiv 


ZETROOUCTZOM 

Cognitive  deterioration  is  one  of  the  hallmarks  of  HXV 
Infection.  Today,  there  is  little,  if  any,  debate  that  HIV 
infection  has  adverse  effects  on  cognitive  processes  at  the 
advanced  stages  of  the  disease  (McAllister  et  al.,  1992;  Poutiainen 
et  al.,  1993).  Instead,  the  controversy  centers  on  HIV4- 
asya^tomatic  individuals.  Because  involvement  of  the  central 
nervous  system  by  HXV  appeeurs  to  begin  at  the  time  of  initial 
infection  (Bomstein  et  al.,  1991;  Lunn  et  al.,  1991;  McAllister  et 
al.,  1992),  cognitive  decline  theoretically  could  begin  during  the 
asymptomatic  stage. 

The  literature  addressing  cognitive  decline  in  asymptomatic 
individuals  is  decidedly  mixed.  Several  seminal  articles  piiblished 
in  1987  and  1988  appeeured  to  demonstrate  cognitive  decline  in  a 
large  proportion  of  asymptomatic  individuals  (6Xw.it  et  al.,  1987; 
Saykln,  et  al.,  1988).  The  majority  of  studies  published 
immediately  subsequent  to  these  reports  failed  to  replicate  the 
Initial  results  (e.g.,  McArthur  et  al.,  1989),  and  the  original 
studies  were  criticized  on  a  ntimber  of  methodological  groxinds. 
Nevertheless,  more  recent  studies  again  have  reported  a  decline  in 
cognitive  ftmction  in  asymptomatic  individuals  (Bomstein  et  al. , 
1992;  Lunn  et  al.,  1991;  Sinforiani  et  al. ,  1991). 

The  conflicting  results  concerning  the  decline  in  cognitive 
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procassM  in  asynptonatlc  individuals  may  be  attributed  partially 
to  variations  in  methodology  and  dependent  measures.  Specifically, 
recent  studies  have  placed  greater  emphasis  on  the  use  of  reaction 
time,  which  is  measured  to  millisecond  accuracy,  than  on  more 
traditional  dependent  measures,  such  as  percent  correct  or  time  to 
completion,  which  is  measured  in  seconds.  Because  various 
methodological  Issues  and  the  use  of  reaction  time  meastures 
strongly  influenced  the  design  and  procedures  of  the  current  study, 
the  following  two  sections  review  a  number  of  methodological  issues 
and  the  use  of  reaction  time  as  a  dependent  measure. 

Methodologieal  Issues 

Even  a  casual  reading  of  the  earlier  literature  studying  the 
effects  of  HIV  on  cognitive  processes  reveals  a  sxirprising  number 
of  methodological  problems.  For  the  majority  of  these  problems-- 
such  as  the  recruitment  of  non-native  English  speakers — 
differential  enrollment  could  adversely  affect  the  performance  of 
the  group  with  the  highest  proportion  of  problematic  subjects.  We 
describe  12  methodological  problems  that  we  feel  eure  the  most 
important  for  HIV  studies.  These  problems  are  grouped  into  three 
categories:  screening,  sampling,  emd  methodological  issues  specific 
to  HIV  research. 

Screening,  One  of  the  most  difficult  aspects  of  subject 
screening  involves  alcohol  and  substemce  abuse.  Effective  initial 
screening  relies  on  accurate  self  report,  a  trait  that  is 
questionable  in  heavy  substance  edausers.  Toxicological  screens  may 
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btt  used  in  addition  to  self  report,  but  these  are  expensive, 
particularly  serua  screening,  which  requires  specialized  personnel 
to  draw  emd  handle  the  blood.  Urine  screening,  which  is  less 
costly,  only  indicates  if  the  subject  has  had  a  particular 
sxibstemce  in  the  last  few  days  or  weeks,  but  it  does  not  provide 
quantitative  information  about  the  actual  level  of  psychoactive 
drugs.  Serxim  screening  is  better  for  that  purpose.  Regairdless  of 
the  type  of  screening  administered,  any  delay  between  the 
toxicological  screening  emd  the  cognitive  assessment  may  allow  the 
subject  to  abuse  substances  that  adversely  affect  cognitive 
performance  while  appearing  toxicological ly  negative. 

Enrolling  subjects  with  a  prior  history  of  psychiatric 
problems  other  than  alcohol  or  substance  abuse  is  problematic; 
these  sxabjects  can  score  differently  on  a  variety  of 
neuropsychological  instruments.  For  example,  clinically  depressed 
Individuals  can  have  reduced  performance  on  effortful 
neuropsychological  tests.  A  number  of  investigators  have  chosen  to 
enroll  individuals  who  have  been  treated  for  prior  psychiatric 
problems  (McAllister  et  al.,  1992).  Other  investigators  have 
chosen  to  exclude  these  individuals  (Martin  et  al.,  1992; 
Poutiainen  et  al.,  1993;  Slnforiani  et  al.,  1991).  If  such  subjects 
2u:e  included  in  the  infected  group,  then  subjects  with  similar 
diagnoses  should  be  included  in  the  control  group  as  well.  Of 
cotirse,  this  will  Increase  variance  on  test  performance,  thereby 
increasing  the  sample  size  for  sensitive  detection  of  differences. 

In  addition  to  the  issues  of  clinically  diagnosable 


4 


psychiatric  problems,  even  variations  at  subclinical  levels  can  be 
an  important  influence  on  neurocognitive  tests  performance.  Until 
relatively  recently,  investigators  believed  that  HlV-f  subjects  were 
more  likely  to  be  depressed  than  control  subjects  and  that 
depression  affects  performance.  Thus,  depression  could  account  for 
observed  betveen-group  differences.  However,  the  majority  of  the 
data  indicate  that  betveen-group  differences  in  depression  do  not 
account  for  differences  on  the  tests  (McAllister  et  al.,  1992; 
Poutialnen  et  al.,  1993).  Therefore,  depression  is  only  a  problem 
if  it  is  unequally  represented  in  the  HIV+  and  HIV-  groups. 

English  competency  is  another  problem.  The  vast  majority  of 
neuropsychological  and  information  processing  tests  have  been 
developed  in  English-speeUcing  countries.  Administering  these 
tests,  which  involve  language,  to  Individuals  who  have  varying 
degrees  of  competency  in  English  is  problematic.  Interestingly, 
only  a  few  investigators  report  screening  their  subjects  on  the 
basis  of  their  primary  language  (e.g. ,  Wilkie  et  al.,  1992). 

Sampling.  For  studies  conducted  in  the  United  States,  three 
variables— ethnicity,  intelligence,  euid  education— have  posed 
serious  methodological  problems  for  many  studies;  all  three 
variables  are.  Interrelated  and  all  coveury  with  perfoirmance  on 
neuropsychological  instruments.  In  the  United  States,  some 
minority  samples  have  lower  education  levels  and  lower  estimated 
IQs  them  some  White  samples.  Minority  members  also  tend  to  have  a 
lower  socio-economic  status  and  less  access  to  quality  health  care, 
which  may  meJce  them  more  willing  to  volunteer  for  research 
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protocols  that  provide  health  care.  Arguably,  lower  socio-economic 
status  minority  sxibjects  at  more  advanced  stages  of  the  disease  may 
disproportionately  volxinteer  for  experimental  protocols,  resulting 
in  an  overrepresentation  in  the  more  advanced-stage  experimental 
groups.  Because  neuropsychological  instruments  covary  with 
education  level,  which  is  in  turn  correlated  with  estimated 
intelligence,  pvurported  cognitive  declines  in  infected  groups  could 
be  attributable  to  unequal  proportions  of  lower  socio-economic 
minorities  in  experimental  groups,  peurticularly  in  the  advemced- 
stage  groups. 

A  surprising  number  of  studies  that  purport  to  demonstrate 
decreasing  cognitive  performance  with  advancing  disease  state  do 
not  report  the  percentage  of  different  minorities  in  each  group, 
making  interpretation  of  the  data  problematic.  However,  in  several 
studies  some  minorities  who  tend  to  have  lower  socio-educational 
status  are  disproportionately  represented  in  more  advanced  disease 
stages,  raising  the  suspicion  that  the  purported  decline  in 
cogniuxve  fvmction  with  advancing  disease  may  reflect  socio¬ 
economic  factors  rather  than  HIV-related  factors.  Studies  reporting 
decreasing  education  levels  with  increasing  severity  of  disease 
have  similar  interpretation  problems  as  do  studies  repoirting  a 
decreasing  IQ  (Poutiainen  et  al.,  1993). 

In  a  surprising  number  of  studies  the  control  stibjects  are 
more  educated  than  the  HIV+  svibjects  (Gremt  et  al.,  1987)  although 
the  differences  are  rarely  statistically  significant  (McArthur  et 
al.,  1989) .  Such  differences  should  not  be  ignored;  non-significant 
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differences  still  may  cause  problems  in  the  interpretation  of 
neuropsychological  test  results.  Interestingly,  only  one  study  was 
found  in  which  the  HIV+  subjects  were  more  educated  than  the 
controls  (Sinforiani  et  al.,  1991). 

Age  is  a  problem  that  is  rarely  addressed  in  HIV  studies.  A 
few  studies  provide  no  information  on  the  age  of  the  stibjects. 
Many  studies  never  present  the  age  range  of  the  subjects  and  do  not 
mention  using  age-adjusted  norms  for  the  neuropsychological 
measures.  Because  many  neuropsychological  measures  are  affected  by 
age  and  have  published  age-adjusted  norms,  the  explicit  use  and 
discussion  of  age-corrected  norms  should  be  encouraged.  A  few 
investigators  (Martin  et  al.,  1992;  WilXie  et  al.,  1992)  have 
elected  to  use  age  as  a  covariate  in  the  statistical  analyses  of 
the  neuropsychological  data. 

HIV-specific  research  issues.  An  issue  for  HIV  research  is 
that  injection  drug  use  is  one  of  the  common  modes  of  viral 
treuismission.  Some  investigators  have  allowed  injection  drug  users 
to  participate  in  studies  examining  the  cognitive  effects  of  HIV 
(McAllister  et  al.,  1992)  to  provide  a  comprehensive  examination  of 
the  effects  fo\ind  with  all  modes  of  tremsmission.  Because 
injection  drug  use  and  the  commonly  co-existing  alcohol  abuse  may 
result  in  cognitive  deterioration,  the  HIV-i-  groups  may  perform  more 
poorly  on  cognitive  tests  because  of  drug  and  alcohol  effects,  not 
because  of  HIV  per  se.  However,  sepeurating  the  effects  of  chronic 
siibstance  eUOuse  from  those  of  HIV  is  difficult.  Consequently,  a 
number  of  investigators  have  tried  to  exclude  injection  drug  users 
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as  well  as  alcohol  and  substemce  abusers  from  study  peurticipation 
(lUurtln  et  al.,  1992;  Poutialnen  et  al.,  1993;  Sinforiemi  et  al., 
1991;  Wilkie  et  al.,  1992). 

Another  HIV-specific  issue  concerns  the  definition  of 
"asymptomatic**.  Using  the  Centers  for  Disease  Control  (CDC) 
classification  system,  "asymptomatic"  sometimes  refers  to  CDC 
Stage  2  (Krikoriem  and  Wrobel,  1991;  Poutialnen  et  al.,  1993;  Rose! 
et  al.,  1992).  At  other  times  "asymptomatic"  refers  to  CDC  Stages 
2  amd  3  (Bomstein  et  al.,  1992;  McAllister  et  al.,  1992).  Studies 
using  the  Walter  Reed  Classification  System  seem  to  use  Stages  1 
and  2  as  asymptomatic. 

Another  issue  concerns  the  appropriateness  of  control  groups. 
Most  studies  of  cognitive  processes  limit  the  HlV-f-  group  to 
homosexual  or  bisexual  males  who  contracted  the  disease  sexually. 
Logically,  the  appropriate  control  group  should  consist  of  HIV- 
homosexual  or  bisexual  males  who  aure  matched  to  the  HIV+  groups  on 
other  relevant  demographic  factors,  such  as  age  amd  education. 
Interestingly,  some  investigators  have  constructed  control  groups 
that  appaurently  consist  of  homosexual,  bisexual,  and  heterosexual 
males  (e.g.,  Poutialnen  et  al.,  1993).  Such  control  groups  may  not 
be  comparable  to  the  HIV-i-  groups  on  a  vauriety  of  lifestyle  factors 
that  may  affect  performance  on  both  neuropsychological  and 
information  processing  Instruments. 

Enrolling  subjects  taUclng  amti-retroviral  medication  is  a  very 
Important  issue;  these  drugs  cam  affect  cognitive  processes, 
reversing  the  decline  in  performance  for  individuals  at  the  more 
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advanced  stages  of  HIV  disease.  To  date,  all  three  possible 
strategies  for  dealing  with  individuals  on  anti-retroviral 
medication  have  been  employed:  including  these  individuals  (Wilkie 
et  al.,  1992),  excluding  them  (McArthur  et  al.,  1989;  Sinforiani 
et  al.,  1991),  and,  in  longitudinal  studies,  initially  excluding 
them  but  retaining  subjects  who  begin  teUcing  the  drug  during  study 
participation  (McAllister  et  al.,  1992).  The  inclusion  of  subjects 
taking  amti-retroviral  medication  has  been  complicated  by  the 
recent  approval  of  two  new  anti-retroviral  drugs,  DDC  and  DDI. 
Currently,  physicians  use  the  three  approved  antl-retroviral 
medications  (AZT,  DDI,  emd  DDC)  in  veurious  combinations.  These 
combinations  may  be  administered  in  various  cycles,  such  as 
receiving  DDC  one  week  and  DDI  the  following  week.  Such 
combinations  pose  another  problem  in  the  inclusion  of  subjects 
teJcing  anti-retroviral  medication.  Further,  additional  such  drugs 
are  currently  available  on  a  compassionate  usage  basis, 
complicating  the  situation  even  further  for  future  studies. 

The  final  issue  concerns  the  specific  tests  tha.  are  used  to 
assess  cognitive  decline.  Almost  by  definition,  no  one  study  can 
measure  all  aspects  of  human  cognitive  performance  because  of 
limited  testing  time.  Consequently,  em  investigator  must  decide 
either  to  test  a  limited  number  of  cognitive  domains  in  depth  or  to 
test  a  larger  number  of  domains  superficially.  A  prelimineury  review 
of  the  literature  indicates  that  most  of  the  studies,  peurticularly 
large-scale  experiments  involv.jng  repeated  measurement  of  the  same 
Individuals,  attempt  to  test  a  laurge  number  of  domains 
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superficially.  Bscauss  of  tins  constraints,  only  one  or  two  tests 
are  adainistered  to  assess  a  given  doaain.  If  a  test  is  not 
sensitive  to  HIV-related  deterioration  of  the  particular  doaain, 
the  results  aay  be  alsleadlng.  This  problea  is  exacerbated  by  the 
fact  that  a  few  tests  have  been  employed  in  HIV  assessm« 
batteries  repeatedly.  The  choice  of  these  tests  appears  to 
based  more  on  their  use  in  neuropsychological  assessment  in  general 
and  their  administration  time  than  on  any  demonstrated  sensitivity 
to  HIV-related  impairment. 

Use  of  Reaction  Time  as  a  Dependent  Measure 

Almost  all  of  the  early  studies  of  the  effects  of  HIV  on 
cognitive  processes  used  neuropsychological  instxximents  exclusively 
to  assess  decline.  Neuropsychological  tests  typically  use  the 
percentage  or  number  of  correct  responses  as  the  dependent  measure. 
Recently,  there  has  been  an  increased  emphasis  on  tests  using  very 
precisely  measured  reaction  time  (typically  to  ±  1  ms)  as  the 
dependent  measure.  To  some  extent,  this  chemge  can  be  attributed 
to  the  work  of  Meurtln  amd  Mapou  and  their  colleagues  (Mapou,  Kay, 
Rundell,  and  Temoshok,  1993;  Martin  et  al. ,  1992).  For  example, 
Martin  et  al.  (1992)  showed  no  between-group  differences  between 
HlV-t*  and  HIV-  subjects  on  any  neuropsychological  testa  but  did  find 
a  significant  difference  on  information  processing  tests  that  used 
reaction  time  as  a  dependent  variable.  Additionally,  a 
significantly  higher  proportion  of  HlV^f  as  eoBg>ared  to  control 
subjects  had  reaction  times  that  were  2  standard  deviations  (sd) 
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■low«r  than  tha  naan  of  tha  control  group  on  thasa  taats.  At  aach 
of  thraa  six-nonth  follow-up  tasting  sasslons,  a  higbar  proportion 
of  HIV-t>  subjacts  wara  2  or  nora  sd  balow  tha  naan  of  tha  controls. 
Martin  at  al.  (1992)  intarpratad  thair  rasults  to  indicata  that  a 
cartain  proportion  of  HIV-f  individuals  suffar  cognitiva  daclinas 
ralativaly  aarly  in  tha  coursa  of  infaction.  This  intarpratation 
has  affactivaly  shiftad  tha  controversy  from  whathar  or  not 
cognitiva  decline  occurs  in  aarly-staga  individuals  to  what 
parcantage  of  these  Individuals  actually  axparianca  a  cognitiva 
decline,  the  nature  of  tha  cognitive  processes  that  are  affected, 
and  thair  implications  for  work  performance. 

Purpose 

Tha  study  reported  in  this  document  had  two  primary  purposes. 
The  first  was  to  determine  the  disease  stage  at  %diich  cognitive 
decrements  become  detectable  in  HIV+  individuals.  Tha  second  was 
to  compare  information  processing  tests,  which  typically  use 
reaction  time  as  the  dependent  measure,  to  neuropsychological 
assessment. 

Tha  second  pxirpose  had  an  operational  as  wall  as  a  general 
scientific  objective.  Military  personnel  frequently  must  operate 
in  environments  where  specialized  medical  personnel  are  not 
immediately  availeUole.  If  information  processing  tests  are  at 
least  as  sensitive  as  neuropsychological  instruments  to  various 
types  of  cognitiva  impairments,  they  may  be  more  useful  in  many 
military  environments  because  they  can  be  largely  automated.  This 
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autonatlon  can  raduca  tha  training  raquirad  for  tha  tast 
adainistrator  and  facilitatas  transaission  of  data  to  a  aedical 
facility. 

Ipproaoh 

To  provide  some  background  on  tha  second  purpose  mentioned 
above,  tha  section  below  will  give  a  brief  comparison  of  assessment 
using  nexiropsychological  versus  information  processing  instruments . 
Next,  some  of  the  specific  issues  involved  in  test  selection  are 
discussed.  Finally,  o\ir  approach  to  the  methodological  issues 
mentioned  earlier  are  described. 

ffanropsychological  versus  information  processing  assessment. 
Mexiropsychology  and  information  processing  instruments  have  very 
different  theoretical  underpinnings  and  supporting  experiments,  and 
to  date,  relatively  few  individuals  have  made  any  attempt  to 
integrate  or  compare  the  techniques.  Each  of  these  types  of 
assessments  has  specific  strengths  wd  weaknesses,  which  will  be 
discussed  briefly  below. 

Human  neuropsychology  is  basically  the  study  of  the  neural 
substrates  underlying  human  behavior.  It  is  a  discipline  that 
developed  by  applying  psychological  testing  principles  and  methods 
to  neurological  syndromes.  Thus,  neuropsychological  testing  can  be 
one  of  the  most  sensitive  meas\2res  of  brain  dysfunction  and  may  be 
useful  in  diagnosis  of  cases  where  other  measures  of  brain 
integrity,  such  as  those  obtained  from  brain  imaging  or 
electrophysiology,  appear  unimpaired.  Even  when  there  are  adsnormal 
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findings  froa  brain  imaging  atudiss,  tbs  functional  significance  of 
these  abnormalities  can  only  be  determined  through  behavioral 
testing.  For  example,  a  small  lucency  in  a  subcortical  structture 
of  the  brain  can  have  absolutely  no  functional  significance  or  can 
lead  to  profound  changes  in  cognitive  function.  The 
neuropsychologist  is  called  upon  to  make  this  determination.  In 
addition,  neuropsychological  variables  are  playing  an  increasingly 
Important  role  in  neurological,  neurosurgical,  and 
neuropharmacological  research.  These  respective  fields  are 
increasingly  recognizing  the  importzmce  of  cognitive  disturbances 
and  recognize  the  value  of  neuropsychological  measures  for 
assessing  the  outcome  of  sxurgery  or  drug  treatment. 

Information  processing  instrtiments  typically  have  been  derived 
from  cognitive  psychology,  which  is  an  outgrowth  of  and  a  reaction 
to  the  behavioralistic  tradition  that  dominated  psychology  from  the 
eaurly  years  of  this  century  to  approximately  the  late  1960 's. 
Cognitive  psychology  is  concerned  with  memory,  attention,  learning, 
and  decision  making.  Cognitive  models  raz«*xy  refer  to  euiatomic 
locations  in  the  brain  and,  for  the  most  peurt,  neurology  emd 
neuroanatcmy  are  not  considered.  Thus,  information  processing  tests 
developed  from  cognitive  psychology  are  rarely  used  clinically  to 
evaluate  central  nervous  system  insult.  The  research  in  this  area 
typically  has  been  conducted  on  normal,  working-age  adults  although 
some  studies  have  been  performed  on  children,  the  aged,  and 
populations  with  specific  cognitive  problems. 

Currently,  neuropsychological  instruments  are  established 


13 


assMsnsnt  tools  in  the  medical  commiinity  while  information 
processing  tests  are  almost  unknown  to  physicians. 
Neuropsychological  assessment  identifies  specific  ematomic  brain 
regions  with  specific  tests.  Thus,  probable  sites  of  lesions  or 
other  forms  of  damage  can  be  identified.  Information  processing 
tests  generally  cannot  be  linked  to  any  specific  region  of  the 
brain.  Neuropsychological  assessments  may  be  conducted  on 
individiials  who  are  seriously  impaired.  Information  processing 
tests  usually  cannot  be  performed  by  individuals  with  major 
cognitive  deficits.  Neuropsychological  instruments  generally  have 
not  been  related  to  complex  tasks  that  may  be  encountered  in 
certain  demanding  jobs.  In  contrast,  some  information  processing 
tests  have  been  used  to  predict  performance  on  complex  tasks,  such 
as  flying.  Finally,  neuropsychological  instruments  generally  caxmot 
be  administered  repeatedly  during  short  time  intervals  without 
compromising  the  validity  of  the  tests.  In  contrast,  information 
processing  tests  may  be  used  in  a  repeated-measures  testing 
protocol  with  little  concern  for  the  adverse  affects  of  practice. 
The  iise  of  a  repeated  measures  protocol  also  allows  between-group 
differences  in  learning  to  be  exeunined.  Such  information  c»m 
provide  valuable  insights  into  relatively  subtle  task  effects. 

Sielection  of  Information  procassing^  tanka.  When  this  study 
began,  information  processing  tests  had  not  been  used  to  examine 
the  effects  of  HIV  on  cognitive  processes.  Thus,  it  was  not 
possible  to  select  Information  processing  tests  that  were 
demonstrably  sensitive  to  the  effects  of  HIV.  Instead,  the 


14 


invttstigators  decided  to  develop  a  preliminary  battery  and 
determine  the  sensitivity  of  the  instruments  comprising  the  battery 
dxiring  a  pretest. 

The  initial  task  selection  was  based  on  two  criteria:  patient 
complaints  and  guid2uice  from  the  progreua  manager  to  select  tasks 
with  known  relations  to  naval  jobs.  The  project  physician  was 
questioned  concerning  common  patient  complaints  about  cognitive 
functioning.  Many  patients  complained  about  a  deterioration  in 
%diat  appeared  to  be  spatial  processing.  Consequently,  a  test  of 
spatial  processing  was  included  in  the  initial  pretest.  The 
specific  test  selected,  the  matrix  test,  had  been  evaluated  as  a 
potential  aircrew  selection  test.  Many  patients  also  complained 
about  their  inability  to  concentrate.  Thus,  a  test  of  sustained 
attention  was  included  in  the  preliminary  test  battery.  This  test, 
a  classical  vigilance  test,  has  been  used  for  many  yeeurs  as  a 
laboratory  simulation  of  radar  euid  sonar  operators'  jobs.  A  third 
tes  ,  the  running  difference  test,  was  included  because  it 
previously  had  been  evaluated  for  use  in  the  naval  aviator 
selection  battery.  Finally,  the  Sternberg  Memory  Seeurch  Task 
(Sternberg,  1969}  was  included  because  preliminary  data  from  other 
naval  investigators  Indicated  that  it  was  not  affected  by  the 
progress  of  HIV.  Thus,  it  was  included  to  act  as  a  type  of 
control . 

The  siibsequent  pretest  found  that  all  of  the  tasks  except  the 
Sternberg  Task  showed  performwce  decrements,  indicating  possible 
sensitivity  to  HIV- induced  cognitive  decrements.  The  Sternberg  Task 
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(Stttmb«rg,  1969)  was  retained  in  the  battery  because,  as  noted 
above,  it  acted  as  a  type  of  control  task,  and  because  it  is  one  of 
the  few  information  processing  tasks  that  has  normative  values. 
Additionally,  two  derived  meastires  can  be  obtained  from  this  task 
that  theoretically  measiire  different  cognitive  processes  emd  are 
kno«m  to  be  affected  by  factors  such  as  alcohol  consumption  and 
exposure  to  mercury.  Thus,  one  test  can  be  used  to  examine  the 
effects  of  HIV  on  several  different  cognitive  processes. 

The  dependent  measures  for  all  four  tasks  have  good 
characteristics  for  statistical  analyses  and  for  repeated 
administration:  high  Intertrial  correlations  with  consistent 
standard  deviations.  The  primary  dependent  measure  for  all  of  the 
tasks  except  vigilance  was  reaction  time. 

SSIsctiojx  of  nouropsycboloqical  instrumants.  The 
neuropsychological  tests  were  selected  using  several  criteria. 
First,  they  measured  neuropsychological  domains  that  had  been  found 
to  be  sensitive  to  deficits  in  HIV-f  individuals.  Second,  the  tests 
assessed  a  wide  range  of  neuropsychological  domains  to  permit 
examination  of  the  intercorrelations  euBong  the  Information 
processing  and  the  neuropsychological  tests.  Third,  because  of  a  3- 
hour  time  limit,  tests  that  might  be  sensitive  but  require  an 
extended  time  to  administer  (e.g. ,  the  Halstead  Category  Test)  were 
omitted.  One  exception  to  this  was  the  Paced  Auditory  Serial 
Addition  Test  (PASAT) ,  which  was  included  becaiise  previous  research 
had  found  that  asymptomatic  individuals  performed  more  poorly  on 
this  test  than  control  subjects  (Greuit  et  al.,  1987).  Fourth,  some 
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of  tho  tests  appeared  to  assess  the  same  functions  as  the 
information  processing  tests. 

In  addition  to  being  sensitive  to  HIV-related  deficits,  a 
subset  of  tests  was  selected  to  provide  estimates  of  premorbid 
abilities.  Clearly,  we  did  not  want  to  attribute  differences 
between  the  HIV-t-  and  the  HIV-  siibjects  to  the  disease  process  when 
these  differences  actually  reflected  pre- infection  differences. 
The  National  Adult  Reading  Test  (NART-R)  and  the  Vocsdaulary  and 
Information  subtests  of  the  Wechsler  Adult  Intelligence  Scale- 
Revised  (WAIS-R)  were  included  to  estimate  premorbid  eUsilities. 

Methodologioal  issues 

Twelve  major  methodological  issues  were  mentioned  eeurlier.  We 
will  discuss  our  approach  to  controlling  11  of  these.  The  twelfth, 
test  selection,  was  discussed  eeurlier.  The  most  difficult  issue 
was  that  of  substance  abuse.  We  did  not  enroll  Individuals  who  had 
peurticipated  in  any  alcohol  or  drug  treatment  programs  or  who 
j.aported  any  injection  drug  use.  We  also  established  limits  for  the 
frequency  amd  quantity  of  substance  use,  which  were  rigorously 
observed.  Nevertheless,  as  discussed  earlier,  self  report  is 
problematic  for  substance  abusers.  Consequently,  we  questioned  the 
subjects  repeatedly  at  different  points  in  the  protocol  concerning 
their  substance  use.  This  allowed  us  to  check  the  consistency  of 
their  answers.  Further,  a  toxicological  screen  was  added  at  the 
time  of  the  physical  examination,  amd  subjects  were  told  that  the 
screening  would  occur. 
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Th«  saxua  general  approach  was  used  for  psychiatric  problems: 
Any  candidate  reporting  treatment  for  psychiatric  problems  was 
excluded.  Again,  subjects  were  questioned  repeatedly  about 
psychiatric  problems  to  check  their  consistency  of  response. 

The  issues  concerning  ethnicity,  intelligence,  age,  emd 
education  were  addressed  in  several  different  ways.  First,  the 
proportion  of  minorities  in  each  experimental  group  was  kept 
constant  emd  groups  were  matched  on  education.  Hatching  for 
education  also  eliminated  the  problem  of  more  educated  control 
groups.  Second,  as  noted  earlier,  several  estimates  of  pre-morbid 
intelligence  were  obtained  to  allow  for  statistical  corrections,  if 
necessary.  Third,  to  eliminate  the  problems  associated  with  low 
English  fluency,  only  native  English  speakers  or  individuals 
acquiring  English  by  age  6  were  enrolled.  Fourth,  age  effects  were 
controlled  by  restricting  the  age  remge  of  the  subjects  to  ages  21 
to  SO. 

To  account  statistically  for  any  between-group  differences  in 
depression,  we  administered  several  mood  scales  to  the  subjects  as 
part  of  the  neuropsychological  battery.  Scores  on  these  scales 
could  be  used  as  covariates  if  between->group  differences  in 
depression  were  found. 

Although  there  are  several  modes  of  HIV  transmission,  we 
decided  to  enroll  only  Individuals  who  had  contracted  HIV  through 
sexual  transmission  for  two  reasons.  First,  as  noted  eeurlier, 
injection  drug  use  can  have  adverse  effects  on  cognitive  processes, 
confounding  the  effects  of  siabstance  zQiuse  with  those  of  HIV. 
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Sacond,  Infornal  discussions  with  the  staff  at  the  Los  Angeles 
County/University  of  Southern  California  medical  facilities 
indicated  that  few  potential  subjects  were  available  who  had 
contracted  the  disease  through  blood  products.  Thus,  we  decided  to 
concentrate  on  the  most  common  route  of  infection,  sexual 
trzmsmission. 

Two  groups  of  control  subjects  were  included  in  the  study. 
One  group  consisted  of  HIV-,  homosexual  males.  These  subjects  were 
Included  to  control  for  lifestyle  differences  that  may  affect 
performemce  on  various  assessment  instruments.  A  heterosexual 
control  group  was  included  to  allow  comparisons  to  military 
personnel. 

Initially,  we  did  not  enroll  emyone  teUcing  anti-retroviral 
medication.  Because  anti-retroviral  medication  can  have  cognitive 
effects,  we  wanted  to  exclude  individuals  whose  performance  on  both 
the  information  processing  and  the  neuropsychological  batteries 
could  be  attributable  both  to  the  effects  of  HIV  emd  to  the 
medication.  However,  as  the  study  progressed,  the  use  ol  anti¬ 
retroviral  medication  became  increasingly  coamon  in  symptomatic 
individuals.  Consequently,  a  fifth  group  composed  of  subjects 
taking  anti-retroviral  medication  was  added  to  the  study  to  assess 
directly  the  effects  of  such  medications  on  performance. 


19 


METHODS 

Oaslgn 

Sub j acts  vara  racrultad  into  flva  groups.  Tha  first  group 
consisted  of  asymptomatic  HIV+  males  in  Walter  Reed  Stages  1,  2, 
zmd  3.  Tha  second  group  consisted  of  symptomatic  HIV+  males  in 
Walter  Reed  Stages  4  and  5.  The  third  group  consisted  of  males 

who  were  taking  AZT,  DOI,  DOC,  or  any  combination  of  these  drugs. 
Tha  design  also  included  two  control  groups  of  HIV-  males.  Tha 
foxirth  group  consisted  of  homosexual  males;  the  fifth  group,  of 
heterosexual  males.  The  five  groups  were  matched  on  the 
distribution  of  scores  for  age  and  education  (including  the  mean 
and  range) .  The  proportion  of  minorities  in  each  group  was  kept 
approximately  equal. 

Preliminary  calculations  of  statistical  power  indicated  that 
28  subjects  would  be  required  in  each  group. 

Subjects 

Recmltaent.  Both  HlV-t  and  HIV-  volunteers  responded  to 
newspaper  advertisements  and  notices  placed  in  local  colleges.  In 
addition,  the  HIV+  volunteers  responded  to  notices  distributed 
through  Los  Angeles  area  HIV  support  groups,  Los  Angeles  HIV 
clinics,  individual  physicians,  the  Los  Angeles  Covmty/  University 
of  Southern  California  Medical  Center,  and  a  variety  of  newsletter 
advertisements . 
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Initial  talmpbaam  acreaning,  CandidatM  completad  a  20  to  25 
Bin  acraaning  intarviaw  to  datarmina  thair  aligibillty  for 
participation.  Tha  inclusion  critaria  wara:  aga  batwaan  21  emd  50 
yaars,  at  laast  12  yeeurs  of  formal  aducation  (including  the  receipt 
of  a  high  school  diploma) ,  and  English  as  tha  native  language  or 
acquired  by  aga  6.  Tha  exclusion  criteria  included  a  self -reported 
history  of:  treatment  for  alcoholism  or  drug  abuse,  head  injury  or 
other  episodes  with  a  loss  of  consciousness  greater  them  5  min, 
convulsions  or  seizures,  treatment  for  severe  mood  swings  or  other 
psychotic  disorders,  stroke,  brain  tumor,  cancer  (other  than  skin 
cancer) ,  abnoxrmal  blood  pressure,  heart  disease,  diabetes,  an  AIDS- 
defining  illness,  and  uncorrected  sensory  deficits  that  would 
interfere  with  understanding  the  test  instructions  or  performing 
the  tests.  Additionally,  emyone  peurtlcipating  in  protocols  that 
used  any  of  the  seune  neuropsychological  tests  was  excluded  unless 
the  data  could  be  shared  between  the  two  studies.  However,  only 
two  people  completed  the  study  who  were  enrolled  in  other 
protocols.  One  of  the  subjects  was  in  the  anti-retroviral 
medication  group;  the  other,  in  the  asymptomatic  group. 

Use  of  psychoactive  substemces  also  was  em  exclusionaury 
criteria.  Respondents  were  questioned  about  their  use  of  over-the- 
counter  medications,  prescriptive  medications,  recreational  drugs, 
and  alcohol.  Respondents  who  used  medications  with  psychoactive 
effects  on  am  ongoing  basis  were  excluded  unless  the  medication  was 
prescribed  for  treatment  of  HIV  infection  (e.g.,  AZT)  amd  was 
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obtained  from  a  licensed  source.  Respondents  were  excluded  if 
their  alcohol  use  was  greater  them  12  drinks  per  occasion  or  if 
their  alcohol  use  exceeded  6  drinks  and  their  frequency  was  greater 
than  two  times  per  week.  A  drink  was  considered  to  be  12  oz.  of 
beer,  4  oz.  of  wine,  or  1.5  oz.  of  liquor.  Respondents  reporting 
use  of  the  following  drugs  with  a  frequency  greater  them  once  per 
week  were  also  excluded:  marijuana,  stimulants,  tranquilizers, 
sleeping  medications,  amyl  nitrates,  or  steroids.  Occasional  use 
of  any  of  these  drugs  did  not  exclude  peurticipation,  however. 

If  the  subject  successfully  completed  the  telephone  screening, 
he  was  conditionally  accepted  into  the  study  and  scheduled  for  a 
physical  examination.  Participants  were  notified  at  this  time  that 
a  toxicological  screening  would  be  done  during  the  physical 
exeuBlnation.  All  subjects  conditionally  accepted  into  the  study 
agreed  to  refrain  from  drinking  alcohol  for  48  hours  before  the 
physical  examination  and  to  refrain  from  using  any  recreational 
drugs  for  1  week  prior  to  the  physical  exeunination.  Subjects  who 
coiupleted  the  entire  study  were  paid  $70.00  for  their 
participation . 

Physical,  neurological,  and  toxicological  screening.  Secondeury 
screenings  were  conducted  during  the  physical  examination  and 
involved  testing  for  Illnesses  that  could  influence  performance  on 
the  cognitive  tasks,  for  neurological  disorders  that  were  clearly 
not  related  to  HIV,  and  for  recreational  drugs.  Control  subjects 
were  screened  as  rigorously  as  HIV4>  subjects. 

The  reasons  for  excluding  enrolled  subjects  from  the  study  eure 
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sunmarlzad  in  Figurs  1  and  discussed  throughout  this  nanuscript. 
One  subject  failed  to  report  for  the  physical  examination.  One 
subject  was  found  to  have  an  AlDS-definlng  illness  during  the 
examination  and  was  excluded  from  continued  participation.  Five 
subjects,  all  from  the  homosexual  control  group,  reported  flu-like 
symptoms  and  had  abnormal  blood  chemistry  panels.  These  s\ibjects 
were  also  excluded.  Five  other  subjects  with  clinically 
significant  medical  problems  were  identified  and  excluded  from  the 
study.  Two  of  these  subjects  were  in  the  heterosexual  control  group 
amd  three  were  in  the  homosexual  control  group.  No  subjects  were 
excluded  for  neurological  problems. 

The  data  from  20  siibjects  were  disceurded  because  of  positive 
results  on  the  toxicological  screening.  Of  these,  three  were  in  the 
asymptomatic  group,  five  were  in  the  symptomatic  group,  eight  were 
in  the  homosexual  control  group,  two  were  in  the  heterosexual 
control  group,  and  two  were  in  the  group  receiving  emti-retroviral 
medication. 

Additional  toxicological,  health,  and  cognitive  screening. 
Additional  screenings  took  place  when  the  subject  was  seen  for  the 
Information  processing  emd  neuropsychological  batteries.  The  first 
screening  was  administered  at  the  beginning  of  the  information 
processing  battery  when  the  subject  was  asked  ^tbout  drug  use  in  the 
preceding  30  days.  Three  subjects— two  from  the  homosexual 
control  group  and  one  from  the  asymptomatic  group— disclosed  that 
they  were  taking  psychoactive  drugs  and  were  subsequently  dismissed 
from  the  study.  One  subject  in  the  homosexual  control  group  was 
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Stage 


Figure  1.  Reasons  for  elimination  from  study.  The  numbers  above 

the  horizontal  lines  indicate  the  number  of  subjects  dropped 
for  the  reason  given  in  square  shap«i  boxes.  The  numbers 
next  to  the  vertical  lines  show  the  number  of  subjects 
continuing  to  the  stage. 
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claarly  ill  and  was  also  dlamissad.  Tha  second  screening  involved 
testing  the  subject's  reading  level  using  the  Wide  Range 
Achieveaent  Test-Revised  (JastaJc  wd  Wilkinson,  1984) .  A 
seventh-grade  reading  level  was  required.  No  subjects  were  excluded 
for  having  less  than  a  seventh-grade  reading  level. 

Two  additional  subjects  were  lost  during  this  phase  of  the 
study.  One  of  the  heterosexual  control  subjects  decided  to  withdraw 
from  the  study  during  the  information  processing  battery.  One  of 
the  homosexual  control  subjects  completed  the  information 
processing  battery  but  failed  to  return  from  a  lunch  break  for  the 
neuropsychological  battery. 

During  the  neuropsychological  testing,  the  ex2UBiner  followed 
up  on  any  unusual  responses  to  the  subjective  mood  scales  or  the 
standardized  tests.  During  this  questioning,  eight  subjects 
revealed  histories  of  psychiatric  problems  or  drug  ^d»use  that  had 
not  been  reported  during  the  initial  telephone  screening.  These 
siibjects  were  dismissed  from  the  study.  Two  of  these  subjects  were 
in  the  asymptomatic  group;  two,  in  the  symp 'somatic  group;  two,  in 
the  homosexual  control  group;  one,  in  the  heterosexual  control 
group;  and  one,  in  the  anti-retroviral  medication  group. 

Apparatus  for  the  Information  Processing  Battery 

A  Hewlett-Packaurd  QS/16S  microcomputer  generated  all  stimuli, 
recorded  amd  processed  the  subjects'  responses,  amd  timed  all 
trials.  All  responses  were  made  on  a  modified  Texas  Instruments 
99/4  alphantameric  keyboard  placed  on  the  same  table  as  the 
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coaputwr.  Tha  cantarmost  row  of  keys  was  used  for  responses.  All 
instructions  and  stiauli  were  displayed  on  a  Hewlett-Packard  color 
VGA  Bonitor.  All  alphanuneric  stiauli  were  2.5  ca  in  height.  The 
subjects  sat  66  cn  from  the  monitor. 

Zaferaatiea  Processing  Battery 

The  order  and  duration  of  the  tasks  comprising  the  information 
processing  battery  are  given  in  Table  1  with  approximate 
administration  times.  The  StemJserg  Memory  Seeurch  Task,  the  matrix 
task,  and  the  running  difference  tasks  all  had  90-s  trials 
separated  by  a  30-s  break.  Feedback  consisting  of  the  number  of 
correct  responses,  the  percentage  of  correct  responses,  and  the 
average  correct  reaction  tine  was  presented  during  the  breaks. 

Two  dependent  variables,  the  average  correct  reaction  time  and 
the  percentage  of  correct  responses,  were  recorded  for  these  three 
tasks.  Two  dependent  variables  were  recorded  for  the  vigilance 
task:  hits  and  false  al2unas. 

Sternberg  Memory  Search  Task.  The  Sternberg  Memory  S&urch  Task 
measures  the  speed  at  which  a  displayed  stimulus  is  compared  to  a 
representation  in  memory  (Sternberg,  1969) .  At  the  beginning  of 
each  trial,  the  subject  saw  a  randomly  generated  positive  set  of 
letters,  which  he  memorized.  Each  letter  was  presented  for  1  s.  A 
tone  sounded  and  the  task  began  1.5  s  after  the  presentation  of  the 
last  member  of  the  positive  set.  The  siibject  then  saw  a  series  of 
randomly  generated  letters,  approximately  50%  of  which  were  members 
of  the  positive  set.  The  subject  pressed  the  key  (either  F  or  J) 
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Tabl«  1 

Ordmr  of  Tmmtm  and  Jipproximata  Administration  Timm 


Approxiaattt  Adalnlstratlon  TliM 

Test  In  Minutes 

Infoxrmation  Processing 

Drug  Use  Questionnaire 

NA 

WRAT 

3 

Handedness  Inventory 

2 

Stemiberg 

65 

Matrix 

45 

Vigilance 

48 

Running  Difference 

45 

Neuropsychological  Battery 

Subjective  Memory  Questionnaire 

NA 

POMS 

NA 

Beck 

NA 

Finger  Tapping 

8 

CVLT,  Immed.  and  Short  term 

25 

Complex  Figure  Copy  and  Immed. 

7 

WAIS-R  Digit  Span 

5 

WAIS-R  Digit  Symbol 

3 

Grip  Strength 

4 

Grooved  Pegboard 

6 

CVLT  20  Min.  Delayed  recall 

5 

Complex  Figure  Copy  Delayed 

5 

Recall 

WAIS-R  Block  Design 

10 

Stroop 

7 

Repeatable  Episodic  Memory 

6 

WAIS~R  Pictizre  Arrangement 

10 

Wisconsin  C2u:d  Sort 

15 

PASAT 

15 

NART>R 

5 

Oral  Fluency 

6 

Trail  Making  Part  A 

2 

Trail  Making  Part  B 

3 

WAIS-R  Vocabulary 

12 

WAIS-R  Information 

8 

Boston  Neuning  Test 

7 
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und«r  thtt  lnd«x  finger  of  his  dominant  hand  if  the  latter  was  a 
Mmber  of  the  positive  set  and  pressed  the  key  under  the  index 
finger  of  his  non-dominant  hand  if  the  letter  was  not  a  member  of 
the  positive  set.  After  successfully  cospleting  one  trial 
atpositive  set  size  2,  the  stibject  completed  four  additional  trials 
at  set  size  2,  followed  by  five  trials  at  set  size  3,  A,  2,  2,  and 
4  for  a  total  of  10  trials  per  set  size.  At  the  end  of  each  trial, 
the  subject  received  feedback  on  his  performance. 

The  Sternberg  task  was  the  only  test  in  the  information 
processing  battery  that  did  not  describe  performance  using  raw 
data.  The  average  correct  reaction  time  and  the  average  percentage 
of  correct  responses  were  calculated  for  each  set  size  and  for  each 
response  type  (Yes  versus  So) .  The  average  correct  reaction  times 
for  Yes  were  then  regressed  on  positive  set  size  using  a  linear 
equation,  and  the  slope  amd  the  intercept  of  the  linear  equation 
became  the  dependent  measiires  of  interest.  This  process  was 
repeated  for  No  responses.  Thus,  three  dependent  measures — slope. 
Intercept,  and  accuracy— at  two  levels  of  the  response  type 
variaUale,  Yes  versus  No,  were  calculated  for  this  task. 

Matrix.  The  second  task  assessed  spatial  short-term  memory.  In 
this  task  5X5  matrix  grids  were  presented  sequentially  to  the 
subject.  Each  matrix  had  five,  randomly  selected,  illximinated 
cells.  The  subject's  task  was  to  determine  as  quickly  as  possible 
if  the  current  matrix  was  identical  to  the  preceding  matrix.  If  the 
current  matrix  was  Identical  to  the  preceding  matrix,  it  was  not 
presented  in  the  same  orientation;  the  second  of  the  two  identical 
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aatrlcM  iras  always  rotatad  90*  relative  to  the  first  matrix.  If 
the  current  matrix  was  a  rotated  version  of  the  immediately 
preceding  matrix,  the  subject  responded  same  by  pressing  the  Key 
under  the  index  finger  of  hi's  dominant  hand.  If  the  current  matrix 
was  different,  he  pressed  the  Key  under  the  index  finger  of  his 
non*-dominant  hand.  The  response  to  the  first  matrix  pattern  of  emy 
trial  was  always  same.  Approximately  50%  of  the  correct  responses 
on  any  given  trial  were  same  and  50%  were  different.  A  pattern  was 
allowed  to  repeat  Itself  a  maximum  of  four  times.  The  matrix  was  a 
11.8  cm.  square. 

After  successfully  completing  one  trial,  subjects  were  given 
three  blocKs  of  4,  5,  and  5  trials,  respectively. 

Vigilance.  This  tasK  was  the  primary  measure  of  sustained 
attention  in  the  information  processing  battery.  It  %ras  a  version 
of  the  classic  tests  used  to  measure  sustained  attention  over  long 
(approximately  1  hr)  periods.  For  this  tasK  a  pair  of  0.5  cm  dots 
was  illuminated  at  the  center  of  the  monitor.  These  dots  were  10  cm 
apeurt  and  were  displayed  for  150  ms  each  s.  The  target  stimuli 
consisted  of  the  same  pair  of  dots  illuminated  for  the  same 
interval.  However,  the  dots  now  were  12.5  cm  apart.  The  subject 
pressed  the  Key  (either  F  or  J)  under  the  index  finger  of  his 
dominant  hand  when  the  target  was  identified.  The  subject  had  to 
correctly  identify  80%  of  the  targets  presented  dtiring  a  60~s 
training  period  with  no  more  than  two  false  alaums  to  begin  the 
test.  If  the  subject  failed  to  reach  criteria,  he  repeated  the 
training  period  tintil  he  met  the  criteria.  The  test  required  48  min 
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and  had  an  average  Interstimulus  interval  of  89  s  and  an 
interstinulus  range  of  26  to  192  s.  At  the  end  of  the  testing 
session,  the  sxabject  was  presented  with  the  percentage  of 
correctly  detected  signals,  the  number  of  false  alarms,  and  his 
average  correct  reaction  time  to  the  signals. 

Raiminq  Dilfermcm.  This  task  assessed  verbal  short-term 
memory  and  simple  arithmetic  skills  that  are  importemt  in  many 
daily  activities.  In  this  task  a  series  of  digits  ranging  from  0  to 
8  were  presented.  The  subject's  task  was  to  determine  the 
difference  between  the  currently  presented  digit  and  the 
immediately  preceding  digit.  The  subject  used  the  keys  under  the 
index  through  little  finger  of  his  dominant  hand  to  enter  1,  2,  3, 
and  4,  respectively,  whereas  the  keys  under  his  index  through 
little  finger  of  the  non-dominant  hand  were  used  to  enter  5,  6,  7, 
and  8,  respectively.  Two  dependant  veuriables,  the  percentage  of 
correct  responses  auid  the  correct  response  time,  were  recorded. 
After  successfully  completing  one  trial,  subjects  were  given  three 
blocks  of  4,  emd  5  trials,  respectively. 

Heuropsyohologioal  Battery 

The  tests  and  the  subjective  mood  scales  used  in  the 
neuropsychological  battery  are  listed  in  Table  1  in  the  order  in 
which  they  were  presented.  The  approximate  completion  times  also 
are  given.  The  neuropsychological  tests  produced  a  total  of  77 
variables;  the  subjective  scales  produced  eight.  All  but  five  of 
the  tests  have  been  described  by  LezeUc  (1983)  and  will  not  be 
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•laborat«d  hare.  These  five  are  the  National  Adult  Reading  Test 
(Nelson  and  O'Connell,  1978) ,  the  California  Verbal  Learning  Test 
(Delis,  Kramer,  Kaplan,  and  Ober,  1987) ,  the  University  of  Southern 
California  Repeatable  Episodic  Memory  Test  (Parker,  Bridge, 
Ingraham,  Eaton,  and  Heseltine,  1989),  the  Profile  of  Mood  States 
(McNair,  Lorr,  and  Droppleman,  1971) ,  and  the  Subjective  Memory 
Questionnaire  (Squire  and  Zouzounis,  1988) . 

National  Adult  Reading  Test  (NART^R) .  The  National  Adult 
Reading  Test-Revised  (Blair  and  Spreen,1989)  consists  of  61  words 
that  can  not  be  phonetically  decoded  correctly.  The  test  was 
administered  according  to  Instructions  for  the  National  Adult 
Reading  Test  (Nelson,  1982) .  The  number  of  errors  was  recorded  and 
an  estimated  premorbid  IQ  was  derived  from  the  following  equation: 
IQ  «  (-.78)  (#  of  errors)+  127.8  (Nelson,  1982). 

California  Verbal  Learning  Test  (CVLT) .  Siabjects  were 
presented  with  a  list  (List  A)  of  16  words  from  four  general 
categories— tools ,  clothing,  spices  and  herbs,  emd  fruits— at  the 
rate  of  one  word  per  s.  Following  free  recall,  stibjects  were  given 
four  additional  presentation/recall  trials.  Subjects  were  then 
presented  with  a  second  list  (List  B)  of  16  words  also  from  four 
general  categories— utensil,  fish,  spices  and  herbs,  2uid  fruits— at 
the  rate  of  one  per  s.  Following  List  B  recall,  sxibjects  were  asked 
to  recall  items  from  List  A  (short  delay  free  recall) .  Subjects 
were  then  given  a  cued  recall  trial  for  List  A  items  (short  delay 
cued  recall) .  The  general  categories  were  given  and  subjects  were 
asked  to  recall  items  from  that  category.  Following  a  20  to  25  min 
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d«lay  (f Iliad  with  othar  non>ralatad  tasts) ,  sub j acts  wars  givan  a 
sacond  fraa  racall  (long  dalay  fraa  racall)  and  cuad  racall  (long 
dalay  cuad  racall)  trial  for  itaas  in  List  A.  Tha  administration  of 
tha  CVLT  andad  with  a  44  itaa  racognition  tast  (long  dalay 
racognition)  that  includad  all  16  items  from  List  A,  8  items  from 
List  B,  and  20  distractar  items. 

A  number  of  maasuraa  relating  to  tha  strategies  and  processes 
involved  in  learning  and  remambaring  verbal  material  can  be  derived 
from  tha  CVLT.  Racall  maasturas  include  total  racall  from  List  k, 
racall  from  List  B,  and  short-  amd  long-delay  free  and  cuad  recall. 
Learning  measxures  include  the  extent  to  which  subjects  clustered 
items  semantically  or  according  to  serial  position,  tha  increment 
in  words  recalled  par  trial,  and  tha  consistency  of  recall  across 
trials.  Types  of  recall  errors  include  perseverations  and 
intrusions.  Recognition  measures  include  correct  racognition  hits, 
discriminability,  and  the  nvimber  of  false  positives. 

University  of  Saatbem  California  Repeatabla  Episodic  Hemory 
Test  (rent;  .  Subjects  were  presented  witi^  a  list  of  15  unrelated 
words  at  a  rate  of  one  every  2  s.  Following  a  1  min  period  for  free 
recall,  subjects  were  presented  with  two  additional 
presentation/recall  trials.  The  items,  presentation  rate,  and 
recall  rate  were  identical  to  those  of  Trial  1;  however,  the  order 
in  which  the  items  were  presented  was  altered  for  both  Trial  2  and 
Trial  3.  The  number  of  items  correctly  recalled,  repetitions,  and 
intrusions  were  tallied  for  each  trial  auid  totals  were  summed 


across  trials 
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ProfilB  of  Mood  States  (POMS) .  The  POMS  is  a  SS-ltem  adjective 
rating  scale  reflecting  current  mood  states  (McNair,  Lorr,  and 
Droppleaan,  1971) .  Each  adjective  is  rated  on  a  5-point  scale  from 
0  (not  at  all)  to  4  (extremely)  according  to  how  the  subject  had 
been  "feeling  during  the  past  week,  including  today".  The  test  was 
administered  and  scored  according  to  standeurdized  procedures. 
Scores  were  obtained  for  each  stibject  on  the  six  POMS  factors: 
tension/anxiety,  depression/dejection,  anger/hostility, 
vigor/ activity,  fatigue/ inertia,  and  confusion/bewilderment. 

subjective  memory  guestionnaire.  This  is  an  18-item  self¬ 
rating  of  memory  abilities  (Squire  and  Zouzounis,  1988) .  Ratings 
were  made  on  a  9-point  scale  ranging  from  -4  (worse  than  ever 
before)  through  0  (seme  as  before)  to  ■f‘4  (better  than  ever  before) . 
Subjects  rated  their  ability  to  remember  items  now  compared  to  the 
time  period  before  the  last  year.  Examples  are:  "My  ability  to 
recall  things  when  I  really  try  is  . . . " ,  "My  eUaility  to  recall 
things  that  happened  a  long  time  ago  is  . . . " ,  and  "My  ed>ility  to 
remember  names  emd  faces  of  people  I  meet  is  . . . " .  L  total  score 
was  computed  for  each  subject  and  could  range  from  -72  to  +72. 

Prooeduze 

History  and  physical  examination.  Each  subject  underwent  a 
complete  medical  history  with  emphasis  on  eliciting  symptoms 
attributable  to  AIDS  dementia  complex,  as  well  as  a  drug  2md 
alcohol  history.  A  physical  examination,  including  a  careful 
neurologic  examination,  was  also  performed  on  all  subjects,  again 
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with  special  emphasis  on  HIV-related  findings  (e.g.,  oral  hairy 
leukoplakia) .  A  complete  blood  count  and  chemistry  panel  were 
performed  as  well  as  a  urine  analysis  to  determine  compliance  with 
alcohol  and  recreational  drug  use  restrictions. 

Each  subject  was  tested  for  HIV  seropositivity,  employing  the 
ELISA  antibody  screen.  P24  antigen  levels  in  serum  were  also 
evaluated.  In  addition,  T-cell  subsets  on  peripheral  blood  were 
analyzed,  as  well  as  the  absolute  numbers  of  T4  and  T8  lymphocytes. 
Delayed  cutemeous  hypersensitivity  testing  was  performed  using  the 
Merievuc  skin  test  panel,  a  battery  consisting  of  seven  recall 
antigens . 

In  addition,  the  Karnofsky  Performance  Score  (Kamofsky  and 
Burchenal,  1949)  and  the  Mini-Mental  State  test  (Folstein, 
Folstein,  and  McHugh,  1975)  were  administered.  At  the  start  of  the 
exeuaination,  the  subject  completed  a  Symptoms  Questionnaire  that 
was  designed  to  elicit  symptoms  specifically  associated  with  HIV 
infection.  The  entire  history  and  physical,  mental  status,  emd 
blood  examinations  required  between  1.5  to  2  hr. 

Information  processing  battery.  The  subjects  performed  the 
information  processing  and  neuropsychological  batteries  2  days 
after  the  physical  examination.  After  completing  the  drug  2md 
reading  level  screens,  the  siibjects  completed  the  Edinburgh 
Handedness  Inventory  (Oldfield,  1971) . 

S\abjects  then  began  the  information  processing  battery.  The 
procedures  for  the  Sternberg  Memory  Search  Task,  the  matrix  task, 
and  the  manning  difference  task  were  identical.  After  the  subject 
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finished  reading  the  instructions,  he  was  given  an  opportunity  to 
ask  questions.  When  all  questions  were  ansvcured,  the  subject  was 
asked  to  describe  the  test  procedure.  If  the  description  was 
adequate,  he  performed  one  trial.  If  the  percentage  of  correct 
responses  was  low,  then  the  instructions  were  recalled  and 
discussed  until  the  experimenter  felt  that  they  were  understood.  If 
the  percentage  of  correct  responses  was  high,  the  subject  began  the 
task.  The  experimenter  avoided  speed/ accuracy  instructions  unless 
the  subject  asked  specifically  about  this  trade-off.  When  these 
questions  occxirred,  the  investigator  told  the  subject  to  attend  to 
both  aspects  of  his  performemce  as  well  as  possible.  Subjects  were 
given  approximately  a  1-min  break  as  the  computer  was  reset  after 
each  block  of  trials  as  well  as  a  10  to  IS  min  break  between  the 
second  and  third  tasks.  The  total  time  for  this  section  of  the 
testing  was  approximately  3.75  hr. 

Nauropsycbological  test  betterY,  The  neuropsychological  test 
battery  was  administered  following  a  30  to  60  min  break  after 
completion  of  the  Information  processing  battery  (for  those 
subjects  completing  both  batteries  in  one  day) .  The 
neuropsychological  battery  took  approximately  2.5  to  3.5  hr  to 
administer.  Just  before  the  subject  begem  the  battery,  his  Merieux 
skin  test  was  read. 
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Approach 

The  original  proposal  stated  that  the  asymptomatic  group 
would  be  defined  by  Walter  Reed  Stages  1,  2,  and  3.  After  the  data 
were  collected,  research  at  the  Naval  Medical  Research  Institute 
indicated  that  the  standard  method  of  administering  the  Merieux 
test,  which  was  used  in  this  study,  produced  unreli«d>le  results. 
The  unreliability  of  this  measure  called  into  question  the  subject 
classifications  in  general  and  the  Stage  3  versus  Stage  4 
assignments  in  specific.  Because  the  distinction  between  a  subject 
at  Walter  Reed  Stage  3  versus  one  at  Stage  4  rests  on  the  results 
of  the  Merieux  test,  the  original  design  had  to  be  discarded. 

In  consultation  with  physicians  at  the  Naval  Health  Research 
Center,  we  developed  another  experimental  design  that  divided  the 
HIV+  svibjects  into  three  groups.  The  first  group,  the  asymptomatic 
group,  consisted  of  subjects  at  Walter  Reed  Stages  1  or  2.  The 
second  group  consisted  of  subjects  at  Walter  Reed  Stages  3  or  4. 
The  third  group  was  composed  exclusively  of  Walter  Reed  Stage  5 
subjects.  Classifying  the  subjects  into  these  three  groups  does  not 
require  reliable  results  from  the  Merieux;  this  classification  can 
be  done  using  the  results  of  the  history  emd  the  blood  panels 
alone. 

Toweurds  the  end  of  the  data  collection  effort,  we  realized 
that  community  physicians  had  begun  administering  AZT  to 
asymptomatic  subjects  as  a  means  to  delay  HIV  disease  progression; 


36 


AZT  was  licsnssd  for  this  purpose.  We  had  originally  assumed  that 
all  of  the  subjects  in  the  anti-retroviral  group  would  be 
symptomatic  (i.e.,  at  Walter  Reed  Stages  3,  4,  or  5).  However,  by 
the  €md  of  the  data  collection  period,  we  realized  that  this 
assumption  was  incorrect.  We  had  decided  to  divide  the  anti¬ 
retroviral  svibjects  into  two  groups  based  on  their  Walter  Reed 
Stage  when  we  discovered  the  problem  with  the  Merieux  Test.  While 
we  were  developing  the  new  design,  we  realized  that  the  siibjects 
taking  anti-retroviral  medication  probably  were  misclassified 
according  to  standaurd  clinical  practice;  individuals  typically  are 
placed  on  anti-retroviral  medication  after  their  T4  cell  count 
falls  below  500  and/or  they  display  ceirtain  symptoms.  Neither  the 
Walter  Reed  nor  the  CDC  system  allow  individuals  to  regress  to  a 
less  symptomatic  stage  despite  changes  in  the  person's  apparent 
health.  Thus,  our  classification  of  the  subjects  taking 
emti-retroviral  medication  probably  was  biased  towards  the 
asymptomatic  stage  because  the  anti-retroviral  medication  typically 
raises  the  T4  cell  count  for  a  short  time  after  initial  use  and  is 
associated  with  a  delay  in  the  progression  of  the  HIV  disease. 
Because  we  had  no  way  to  determine  the  subject's  true  stage  prior 
to  receiving  the  anti-retroviral  medication,  we  decided  to  omit  all 
of  the  subjects  taking  2mti-retroviral  medication  from  the 
analyses. 

Before  analyzing  the  data,  we  had  to  examine  all  of  the 
subjects  to  ensure  that  they  were  placed  in  the  correct  stage 
given  the  xuurelizUsility  of  the  Merieux.  Three  sxibjects  no  longer 


could  b«  classified.  The  subjects  who  were  originally  in  Walter 
Reed  Stage  5  were  examined  particularly  carefully;  placement  in 
this  stage  could  rest  predominately  on  the  results  of  the  Merieux 
or  on  symptoms. 

After  these  adjustments,  ve  had  three  subjects  in  Stage  3, 
five  in  Stage  4,  and  two  in  Stage  5.  With  five  or  fever  subjects 
in  any  of  the  symptomatic  Walter  Reed  stages  (Stages  3,  4,  and  5) 
and  only  a  total  of  ten  subjects  in  all  three  stages,  an  analysis 
of  variance  (ANOVA)  design  including  a  symptomatic  stibject  group 
would  seriously  compromise  the  statistical  power  of  the  test;  power 
depends  largely  on  the  smallest  cell  size  in  the  design. 
Additionally,  we  were  doubtful  of  the  meaning  of  an  analysis 
combining  siibjects  from  the  three  stages.  In  discussions  with  Navy 
physicians  at  the  Naval  Health  Research  Center  o\ur  concerns  about 
the  interpret2d}ility  of  such  an  analysis  were  confirmed.  Thus, 
with  only  ten  confirmed  symptomatic  subjects,  we  decided  to  omit 
the  symptomatic  group  from  the  analysis  and  focus  on  comparisons 
between  asymptomatic  subjects  and  the  controls.  The  subsequenw 
analyses  are  based  on  comparisons  of  the  homosexual  control 
subjects  (N«29) ,  the  heterosexual  control  sxibjects  (N«28) ,  2uid  the 
asymptomatic  HIV+  group  (Walter  Reed  Stages  1  and  2)  (N-29) .  The 
redesign  of  the  study  and  the  corresponding  loss  of  subjects  is 
shown  in  Figure  2. 

Co^parlsoa  of  the  Two  Control  Groups 

The  two  control  groups  are  compared  on  a  number  of  demographic 
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variables  in  T2Q>ls  2.  We  performed  t-tests  on  the  77  variables 
from  the  neuropsychological  test  battery.  Nonsignificant  results 
for  these  analyses  and  all  subsequent  analyses  are  those  for  %diich 
p>.05.  Significant  differences  vere  found  between  the  two  control 
groups  on  the  first  14  varl2d3les  listed  in  Table  3. 

A  two-way  (response  type  by  group)  analysis  of  variance 
(ANOVA)  was  conducted  on  the  slope  and  intercept  of  the  Sternberg 
Task;  a  four-way  (response  type  by  group  by  set  size  by  trial) 
ANOVA  was  conducted  on  the  accuracy  scores.  The  main  effect  of 
group  was  significant  for  the  intercept  of  the  Sternberg  Task  [F(i, 
55)  *  8.08,  p".006].  The  ANOVA  conducted  on  the  accuracy  measxire 
showed  a  significant  Group  X  Response  Type  interaction  [F(l,  55)  » 
8.73,  p->.0046].  See  Table  3. 

The  subjects  were  also  compared  on  six  information  processing 
scores  and  eight  measures  of  sxibjectlve  mood.  All  of  these  tests 
were  t-tests.  The  tests  conducted  on  the  other  information 
processing  scores  were  all  nonsignlficemt  except  for  the  average 
correct  reaction  time  for  the  nmning  difference  task.  The  groups 
also  differed  on  the  Vigor  Scale  of  the  POMS.  These  differences  are 
also  given  in  Tedile  3. 

These  analyses  suggest  that  lifestyle  differences  eure  related 
to  differences  in  cognitive  function.  To  control  for  these  factors, 
we  omitted  the  heterosexual  control  group  from  all  subsequent 
analyses  and  used  only  the  homosexual  control  group  in  ovu: 
comparisons . 
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T^U^1•  2 

D^mograpbic  Variablma  for  tho  Tvo  Control  Groups 


Group 


Heterosexual  Homosexual 


N 

29 

28 

Age 

34.5 

(6.1) 

34.8 

(7.2) 

Education  Class  (median) 

3 

3 

Ethnicity 

White  (%) 

71.4 

79.3 

other  (%) 

28.6 

20.7 

Average  Frequency  of  Drinking 

(Occasions/Month) 

4.26 

(3.7) 

3.75 

(4.4) 

Alcohol 

( Dr inks/ Episode ) 

1.83 

(1.1) 

1.71 

(1.9) 

HAST  IQ 

113.2 

(6.3) 

113.1 

(8.8) 

WAIS  VOC 

13.2 

(2.7) 

12.5 

(2.1) 

HAIS  INFO 

12.6 

(2.2) 

12.6 

(2.2) 

Drug  history 

(%  using  in  the  last  month) 

7.1 

34.5 

Standard  deviations  appears  in  parentheses 
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Tabltt  3 

Hmmnm  mad  Standard  Daviationa  for  Variablma  Shoeing  Significant 
Diffarancaa  Battraaa  tha  Control  Groups 


Group 

Homosexual 

Heterosexual 

Control 

Control 

Nsasur* 

mean  s.d 

mean  s.d 

California  Verbal  Learning  Test 

Total  Recall 

53.00 

(6.23) 

57.96 

(6.94) 

List  A  Trial 

12.21 

(1.63) 

13.68 

(1.63) 

List  A  Short-delay  free  recall 

11.10 

(2.51) 

12.50 

(2.59) 

List  A  short-delay  cued  recall 

11.79 

(2.21) 

13.29 

(2.02) 

List  A  long-delay  free  recall 

11.38 

(2.48) 

12.93 

(2.49) 

List  A  long-delay  cued  recall 

11.86 

(2.60) 

13.64 

(1.87) 

Percent  Recalled 

80.79 

(6.68) 

85.82 

(5.72) 

Recognition  Hits 

14.34 

(1.61) 

15.11 

(0.83) 

Discriminability 

93.69 

(4.53) 

96.82 

(3.09) 

False  Positives 

1.10 

(1.29) 

0.46 

(0.79) 

PASAT 

Series  1  No.  Correct 

37.55 

(10.58) 

44.89 

(6.57) 

Series  2  No.  Correct 

32.83 

(11.01) 

39.29 

(8.56) 

Series  3  No.  Correct 

29.11 

(10.00) 

35.04 

(6.24) 

Grip  Strength 

Dominant  Hand 

48.07 

(6.77) 

52.54 

(8.15) 

Running  Difference  Task 

Average  Correct  RT 

2067.12(436.94) 

1674.66(490.30) 

Sternberg  Task 

Intercept 

434.8 

(89.79) 

376.0 

(76.21) 

Accuracy  (Fes) 

96.75 

(2.62) 

93.57 

(7.82) 

Accuracy  (No) 

98.15 

(2.00) 

98.32 

(2.21) 

POMS 

Vigor 

63.34 

(10.92) 

56.96 

(6.74) 
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Qroi9  Coapariseas  oa  DaBographie,  latalligaaoa,  Raoraatioaal  Drug 
Dsa,  aaA  Daprassioa 

Mauropsychologlcal  variables  are  kno^  m  to  be  affected  by  a 
nuaber  of  variables,  such  as  age,  intelligence,  and  substemce 
abuse.  They  also  may  be  affected  by  depression.  Consequently,  it 
is  iaportant  to  demonstrate  that  any  groups  that  are  to  be  compared 
using  nevuropsychological  instruments  eure  not  significantly 
different  on  variables  that  might  affect  performance.  We 
categorized  the  veurlables  that  could  affect  performance  into  four 
major  groups:  demographic  variables,  intelligence,  recreational 
dxnig  usage,  and  depression.  Under  the  demographic  group,  three 
variables  were  examined:  age,  education,  and  ethnicity.  Under  the 
intelligence  category,  the  WAIS~R  Vocabulary,  the  WAIS-R 
Information,  and  the  NART-R  estimated  IQ  were  examined.  Depression 
was  examined  by  the  Beck  Depression  Inventory  and  the  POHS 
Depression  Scale.  Finally,  as  estimates  of  substance  aU9use,  the 
number  of  drinks/month,  the  average  number  of  drinks/occasion,  and 
admission  of  recreational  drug  use  in  the  last  month  were  ex2uained. 
The  means  and  standard  deviations  for  both  groups  on  these  four 
classes  of  variables  are  given  in  Tedile  4. 

T-tests  were  calculated  for  all  of  the  veuriables  mentioned 
above  except  education  class,  ethnicity,  and  admission  of  drug  use. 
None  of  the  t>tests  showed  significant  between-group  differences 
(p>.05)  (See  Rogers,  Howard,  and  Vessey,  1993  for  a  different 
approach  to  testing  group  equivalences.) 
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Dtttarmlning  the  number  of  full-time  years  of  formal  education 
for  subjects  with  advanced  degrees  was  sometimes  difficult. 
Consequently,  the  subjects  were  placed  into  one  of  five  education 
classes — ^high  school  only,  some  college,  bachelor's  degree,  some 
post  graduate  education,  and  a  professional  degree,  such  as  a  Ph.O 
or  an  M.D.  Because  of  the  small  number  of  sxibjects  in  the 
professional  degree  category,  the  two  highest  categories  had  to  be 
combined  before  any  analyses  were  conducted.  A  analysis  with 
four  groups  showed  no  significant  between-group  differences. 
However,  because  of  the  small  number  of  subjects  in  some  of  the 
cells,  this  analysis  was  repeated  combining  the  two  lowest 
education  categories,  high  school  only  and  some  college.  Again, 
the  three-group  analysis  failed  to  reveal  any  significemt 
between-group  differences. 

Between-group  differences  in  ethnicity  also  were  examined. 
Because  of  the  small  number  of  non-White  subjects  (six  in  each 
group) ,  all  non  Whites  were  placed  into  one  group.  A  revealed 
no  significant  between-group  differences  in  the  observe^  proportion 
of  non-White  subjects  between  the  controls  and  the  asymptomatic 
subjects. The  subject's  drug  history  in  the  last  month  also  was 
examined  using  a  x^  analysis.  This  analysis  (group  X 
used/eUsstained)  also  revealed  no  probedsilistic  dependency  between 
drug  history  and  group  membership. 
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Tabl«  4 

CharaGtmriBtica  of  the  Two  Groups  on  DomogrnphiG  Variablma, 
Satimatma  of  Pramorbid  Function,  Mood,  and  Subatanca  Uaa 


Group 

Control 

WR  1  and  2 

Age 

34.52 

(6.1) 

33.28 

(5.5) 

Educational  Class 
(mediem) 

3 

3 

Ethnicity 

White  (%) 

79.3 

79.3 

Other  (%) 

20.7 

20.7 

WAIS-R  VOC 

13.21 

(2.7) 

12.45 

(3.3) 

WAIS-R  INF 

12.55 

(2.2) 

11.59 

(3.0) 

NART  IQ 

113.21 

(6.3) 

110.17 

(9.0) 

BECK 

5.72 

(6.2) 

9.14 

(6.9) 

POMS 

Tension 

41.24 

(8.8) 

41.21 

(8.4) 

Depression 

41.62 

(8.3) 

42.79 

(8.7) 

Anger 

46.48 

(10.0) 

45.52 

(7.2) 

Vigor 

63.35 

(10.9) 

60.45 

(11.4) 

Fatigue 

43.76 

(7.9) 

45.86 

(8.6) 

Confusion 

40.72 

(8.4) 

42.86 

(9.2) 

Ave  #  of  drinks/episode 

1.83 

(1.1) 

1.29 

(1.0) 

Ave  frequency  of  drinking 
(drinks/nonth) 

4.26 

(3.7) 

3.71 

(4.4) 

Drug  history 

(%  vising  in  the  last  month) 

34.5 

24.1 

Standard  deviations  appear  in  parentheses 
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Orottp  Convarisoas  oa  tlia  Hauropayoliologieal  Mmsutm  Uaiag  Z^Booxmm 
Given  what  is  known  about  neuropsychological  deficits  in 
patients  with  HIV  infection,  we  would  not  expect  all  of  the  77 
dependent  variables  of  the  neuropsychological  battery  to  be  equally 
sensitive.  Consequently,  the  project  neuropsychologist  designed 
the  focused  analysis.  The  first  step  was  to  select  a  priori  a 
subset  of  variables  that  measured  different  aspects  of  cognitive 
fiuctioning  and  might  be  sensitive  to  HIV-related 
neuropsychological  impairments.  As  described  in  the  Methods  and 
shown  in  Table  1,  the  neuropsychological  test  battery  consisted  of 
15  neuropsychological  tests.  These  15  tests  were  initially 
selected  because  previous  reseeurch  suggested  they  might  be 
sensitive  to  decrements  in  HIV+  individuals.  These  tests  were:  1) 
CVLT,  2)  RENT,  3)  WAIS-R  Digit  Span,  4)  WAIS-R  Block  Design,  5) 
WAIS-R  Digit  Symbol,  6)  Trail  Mzdcing  Part  B,  7}  Complex  Figiire,  8) 
Stroop,  9)  Wisconsin  Card  Sorting,  10)  PASAT,  11)  Oral  Fluency,  12) 
Boston  Naming,  13)  Finger  Tapping,  14)  Grooved  Pegboard,  amd  15) 
Grip  Strength.  Three  additional  tests  were  administered  as 
possible  estimates  of  premorbid  functioning.  These  were  the 
NART-R,  WAIS-R  Vocabulary,  and  WAIS-R  Information.  Two  other  tests 
were  administered  in  case  they  might  be  needed  for  a  more  thorough 
analysis,  but  they  were  not  considered  essential  for  the  detection 
of  HIV-related  decrements  and  were  not  included  in  the  focused 
analyses.  These  were  Trail  MeUcing  Peurt  A,  which  would  be  examined 
if  the  results  from  Trail  Making  Part  B  were  significant,  and  WAIS- 
R  Picture  Arrangement,  which  would  be  examined  if  critical  analyses 
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pointttd  to  further  assessment  of  frontal  lobe  structxires. 

Most  of  the  15  different  tests  yielded  more  tham  one  dependent 
variable.  As  a  first  step,  the  neuropsychologist  selected  a 
limited  set  of  target  dependent  variables.  In  some  cases  the 
target  dependent  variable  was  the  one  that  is  routinely  used  and, 
therefore,  it  is  the  measure  for  which  norms  are  available.  For 
example,  in  tha  case  of  Trail  Making  Part  B  the  most  common  measure 
is  Time  To  Complete,  so  it  was  selected  over  the  V2uriad>le,  Number 
of  Errors.  In  some  cases  norms  are  available  for  multiple 
dependent  variables  of  a  test.  In  that  case  the  target  variable  or 
veuriables  for  a  test  were  those  that  were  most  likely  to  be 
sensitive  to  HIV-related  impairments.  For  example,  in  the  case  of 
free  recall  tests  of  episodic  memory,  a  number  of  studies  have 
found  that  consistency  of  recall  across  trials  is  decreased  in 
HIV-infected  Individuals.  For  this  reason,  recall  consistency  was 
selected  from  €unong  more  than  ten  different  variables  on  the  CVLT. 
Accordingly,  19  dependent  veuriables  were  selected  from  the  15 
different  tests. 

For  the  next  step  in  the  analyses  each  of  the  19  veurlables 
was  transformed  to  a  standard  score  based  upon  external  norms.  The 
transformation  for  six  of  the  tests— Oral  Fluency,  CVLT,  Trail 
Making  Peurt  B,  Finger  Tapping,  Grooved  Pegboetrd,  emd  Grip  Strength- 
-used  published  sample  estimates  of  population  distributions  from 
the  literattire.  For  the  other  nine  tests  (Boston  Naming,  NAIS-R 
Digit  Symbol,  WAIS-R  Digit  Spem,  HAIS-R  Block  Design,  Complex 
Figure,  REMT,  PASAT,  Wisconsin  Ceurd  Sort,  and  Stroop) ,  a  z-score 
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trsuisfornatlon  based  on  published  estimates  of  sample  meems  emd 
standard  deviations  was  used,  i.e.,  (x-me2m}/sd.  The  standeurd 
scores  and  z-scores  were  calculated  so  that  in  the  case  of  every 
variable,  a  higher  score  indicated  better  perforaumce  2uid  a  lower 
score  indicated  poorer  performance. 

The  norms  used  for  stemdeurd  score  and  z-score  transformations 
were  the  following:  Oral  Fluency  (LezeUc,  1983) ;  CVLT  (Delis  et  al., 
1987) ;  Trail  MeUcing  Part  B,  Finger  Tapping,  Grooved  Pegboard,  Grip 
Strength  (Bornstein,  1985) ;  Boston  Naming  Test  (Goodglass  and 
Kaplan,  1983) ;  WAIS>R  Digit  Symbol,  WAIS-R  Digit  Span,  WAIS-R  Block 
Design  (Wechsler,  1981) ;  Complex  Figiire  (LezeJc,  1983) ;  RENT  (Lezedc, 
1983;  norms  for  Trial  1  of  the  Rey  Auditory  Verbal  Leeunfiing  Test); 
PASAT  (Roman,  Edwall,  Buchanan,  and  Patton,  1991) ;  Wisconsin  Card 
Sort  (Heaton,  1981);  and  Stroop  (Jensen, 1965) . 

Next,  the  19  variables  were  intercorrelated  to  look  for 
multicollinearity.  The  criterion  for  acceptability  into  the  final 
set  was  that  no  variables  could  be  correlated  at  0.80  or  greater. 
Only  two  variables  were  intercorrelated  above  0.80.  These  were 
both  from  the  Wisconsin  Card  Sort  Test:  Perseveratlve  Responses  emd 
Total  Errors.  These  two  scores  were  averaged  to  yield  one 
dependent  variable  from  the  Wisconsin  C€urd  Sort  Test.  These  18 
variables  eure  shown  in  Table  5. 

The  final  set  of  18  dependent  variaUales  was  used  to  test  if 
the  asymptomatic  group  performed  slgnificsmtly  below  the  controls 
on  any  single  measizre.  Multiple  t-tests  were  conducted  with  the  a 
priori  prediction  of  direction  allowing  for  a  one-tailed  test  of 


slgnlflcanca  (sea  Te^ale  5) .  The  batween-group  compeurlsons  revealed 
that  the  asyaptomatic  subjects  were  significantly  (p<.05)  lower 
than  the  homosexual  controls  on  two  tests.  Oral  Fluency  and  REMT 
(Number  of  Words  Recalled  on  Trial  1) .  There  was  a  trend 
(.05<p<.10)  towards  significance  on  four  other  tests:  Boston  Neuning 
Test,  WAIS->R  Block  Design,  and  Complex  Figure  Copy.  We  also  noted 
an  unexpected  tendency  for  the  control  subjects  to  have  lower 
scores  on  the  PASAT  Trial  1  than  the  Walter  Reed  1  and  2  Group 
subjects. 

An  average  z  score  for  the  18  dependent  variables  was 
calculated  to  provide  a  global  cognitive  measure.  The  difference 
between  groups  on  this  test  was  also  tested  by  a  one  tailed  t-test. 
The  groups  were  not  different  on  the  global  z-score  measure. 

Logistic  regression  analysis  was  conducted  using  the  two 
significant  neuropsychological  predictors  (REMT  and  Oral  Fluency) 
to  predict  the  likelihood  of  membership  in  the  asymptomatic  group 
versus  the  homosexual  control  group.  This  analysis  resulted  in  an 
estimated  logistic  regz«ssion  model  that  correctly  classified  40  of 
the  58  subjects  (69%) ,  including  22  of  the  29  controls  (76%)  and 
18  of  the  29  asymptomatics  (62%) . 

Group  Comparisons  on  All  of  the  Remaining  Heuropsyohologloal 
Measures,  information  Processing  Measures,  and  Mood  Scales. 

For  the  saUce  of  completeness,  the  other  55  variadiles  from  the 
neuropsychological  battezry  (scores  from  the  WAIS~R  Information 
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Tabla  5 

Mmans  and  Standard  Deviations  of  Z  Scores  for  the  18 
Neuropsychological  Variables  and  p  Values  in  One-Tailed  T-Test 
Comparisons  between  Homosexual  Controls  (n^^ZB)  and  WR  1  6  2  (n»29) 


Controls  WR  1  &  2 


Msasture 

Mean 

s.d 

Meem 

S.d 

t  value 

Language 

Oral  Fluency 

1.00 

0.99 

0.51 

1.23 

1.69* 

total 

Boston  Naming 

0.20 

0.96 

-0.60 

1.34 

1.31 

total  correct 

Attention 

Digital  Span 

0.44 

0.89 

0.45 

0.96 

-0.05 

Visual-Spatial 

Block  Design 

0.63 

0.88 

0.25 

0.99 

1.53 

Complex  Figure, Copy  0.53 

1.17 

0.03 

1.64 

1.35 

Memory 

CVLT-Total  1-5 

-0.67 

1.03 

-0.96 

1.24 

0.97 

CVLT-Rec  %  const 

-0.79 

0.77 

-0.83 

1.00 

0.15 

REMT-Trial  1 

-0.24 

0.95 

-0.91 

1.12 

2.44* 

Complex  Figure 
immediate 

0.01 

0.84 

-0.12 

1.13 

0.49 

Psychomotor 

Trail  Making 

Part  B-time 

-0.25 

0.93 

-0.30 

1.37 

0.14 

Digit  Symbol 

0.28 

0.65 

0.31 

0.86 

-0.18 

Motor 

Tapping,  ND‘ 

-0.08 

1.25 

-0.13 

0.95 

0.18 

Pegboard,  ND* 

0.00 

0.55 

0.01 

0.53 

-0.10 

Grip  Strength,  ND‘ 

-0.14 

0.91 

-0.12 

1.08 

-0.07 

Speed  of  Processing 
PASAT,  Trial  1 

-1.73 

2.46 

-0.83 

1.78 

-1.61 

Stroop,  Color 

0.31 

0.80 

0.20 

1.01 

0.47 

time 
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Tabl*  5  (cont.) 
N«ntal  Plaxiblllty 


Stroop,  Color-Word  0.06 
time 

1.11 

-0.11 

1.06 

0.59 

Wisconsin  Card  Sort-0.02 
composite* 

1.05 

H 

. 

O 

1 

1.22 

0.62 

Average  Z  Score  -0.05 

0.48 

-0.18 

0.62 

0.94 

*See  text  for  an  explanation 
^  Non  Dominant  *  p  <.05 
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Test,  WAIS-R  Vocabuleury  Test,  and  the  NAHT->R  IQ  were  not  re- 
imalyzed) ,  the  6  variables  from  the  information  processing  tests 
(the  Sternberg  data  were  analyzed  separately) ,  and  the  6  scores 
from  the  mood  scales  (the  results  from  the  Bede  Depression 
Inventory  and  the  POMS  Depression  Scale  were  not  re-auialyzed)  were 
comp^u^ed  using  a  one-tailed  t-test  with  a  *>  .05  testing  the 
hypothesis  that  the  asymptomatic  group  performed  more  poorly  than 
the  control  group.  Data  from  only  27  of  the  asymptomatic  siibjects 
were  included  in  the  analysis  of  hits  and  false  alarms  from  the 
vigilance  task  because  one  stibject  fell  asleep  and  the  other 
terminated  the  task  early. 

None  of  the  mood  scales  or  the  six  information  processing 
measures  showed  a  significant  between-group  difference.  Only  one  of 
the  neuropsychological  scores  showed  a  significemt  between-group 
difference:  the  number  correct  on  Trial  1  of  List  A  of  the  CVLT 
(7.3  items  correct  for  the  controls  versus  6.7  items  for  the 
asymptomatics) .  Inclusion  of  this  additional  neuropsychological 
measiire  in  the  logistic  regression  emalysis,  along  with  RENT  iUid 
Oral  Fluency,  did  not  increase  the  likelihood  of  correct 
classification  above  the  69%  reported  for  using  the  two  predictors 
only. 

Two-way  (group  by  response  type)  ANOVAs  were  conducted  on  the 
slope  and  intercept  data  of  the  Sternberg  Task.  Neither  analysis 
showed  signific2mt  main  effects  of  groups  or  interactions 
involving  the  group  variable.  Analysis  of  the  accuracy  scores  is 
discussed  below. 
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Analysis  of  Xnfoxnstion  Froosssiag  Tssts  Using  Aopsstsd  Msssurss 
Dssign 

In  ths  '  initial  sxaminatlon  of  betveen-group  differences 
described  above,  the  average  correct  reaction  tine  and  the  average 
percent  correct  were  examined  for  the  running  difference  task  and 
the  matrix  task.  The  purpose  of  these  emalyses  was  to  treat  the 
information  processing  measures  and  the  neuropsychological  measures 
in  the  most  comparable  manner  possible.  However,  these  two  tasks 
had  an  additional  factor  that  is  not  present  in  the 
neuropsychological  tests:  practice  (trials).  The  two  groups  could 
demonstrate  different  effects  of  practice  on  performance  that  would 
not  be  reflected  in  a  significant  between»group  difference  if  the 
groups  started  at  different  performance  levels.  Thus,  ignoring  the 
effect  of  practice  on  the  performance  of  these  tasks  could  miss 
valuable  Information  on  differences  in  leeuntiing  rates. 

Because  two  dependent  measures  were  obtained  for  each  task, 
the  correlation  between  the  measures  was  obtained  to  determine  if 
univariate  or  multiveuriate  emalyses  should  be  used.  For  this 
analysis  emd  all  subsequent  analyses  involving  the  running 
difference  task  and  the  matrix  task.  Trial  1  was  treated  as  a  warm¬ 
up  trial  and  not  Included  in  emy  analyses.  The  correlation  between 
the  percent  correct  and  the  average  correct  reaction  time  was 
calculated  for  each  trial  for  all  58  siibjects.  Four  of  the  14 
trials  were  significantly  correlated  for  the  matrix  task  although 
none  of  the  zunning  difference  trials  were  signific2mtly 


correlated. 
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A  MANOVA  was  conducted  on  the  data  from  the  matrix  taslc.  Only 
the  main  effect  of  trial  was  significant  [Wilks'  T<anbda  (26, 
1454)«2.71,  p<.0001].  The  effect  of  practice  was  expected  and 
\ininteresting  in  its  own  right. 

A  ttro-way  (group  by  trial)  repeated  measures  ANOVA  was 
conducted  on  each  dependent  variable  of  the  rtinning  difference 
task.  The  Huynh-Feldt  adjusted  degrees  of  freedom  (Huynh  and  Feldt, 
1976)  were  used  in  this  amd  all  subsequent  univariate  repeated 
measures  analyses  conducted  on  the  running  difference  task.  For 
both  variadales,  only  the  main  effect  of  trial  was  significant 
[F(3.31,  11.41)  «  639.14,  pm. 002  for  correct  reaction  time  and 
F(15.27,  3.34)  «  186.96,  p<.0001  for  the  percent  correct].  Again, 
the  effect  of  practice  was  anticipated  and  is  uninteresting  in  its 
own  right. 

The  distributions  for  the  correct  reaction  time  data  for  both 
the  matrix  task  and  the  running  difference  task  were  noted  to  be 
somewhat  skewed  and  large  individual  differences  in  performance 
were  observed.  To  select  a  method  for  dealing  with  outliers, 
Ratcliff  (1993)  was  consulted.  None  of  Ratcliff's  (1993)  examples 
appe2u:ed  to  fit  the  data  well  and  it  was  difficult  to  select  among 
the  recommended  techniques.  The  log  transformation  was  eventually 
chosen,  in  part  to  coincide  with  common  practice  and  in  peurt  to 
follow  Ratcliff's  recommendations.  Thus,  the  MANOVA  conducted  on 
the  matrix  task  and  the  ANOVA  conducted  on  the  correct  reaction 
time  data  from  the  running  difference  task  were  calculated  again 
after  performing  a  log  transformation  of  the  data.  In  both  cases 


th«  transforaation  did  not  affact  tha  intarpratation  of  tha  data; 
only  tha  aain  affact  of  trial  vas  significant. 

Tha  parcant  corract  for  tha  Stambarg  task  can  ba  analyzad  in 
a  aannar  siailar  to  that  of  tha  matrix  task  and  tha  running 
diffaranca  task;  sub j acts  racaivad  two  blocks  of  fiva  trials  at 
aach  of  tha  thraa  positiva  sat  sizas.  Tha  last  block  at  aach  laval 
was  svibnittad  to  a  four-way  ANOVA  [group  by  trial  by  positiva  sat 
siza  by  rasponsa  (Yes  varsus  No) ] .  Tha  main  affacts  of  positiva 
sat  siza  Cf(1.49,  83.17)»9.92,  p-.0006]  and  rasponsa  typa 
[F(l,56)«>33.80,  p<.0001]  wara  significant.  As  tha  positiva  sat  siza 
Incraasad,  tha  parcantaga  of  corract  responsas  dacraasad  (97.9, 
97.8,  and  97.1  for  sat  sizes  2,  3,  and  4,  raspactivaly)  although 
niniaally.  Tha  subjects  emlttf^d  fewer  correct  fas  responsas  than  No 
responses  (96.8%  versus  98.4%).  The  Group  by  Trial  interaction 
also  was  significant  (F(2.44,  136.42)*2.88,  p>.0488).  Visual 
inspection  of  the  data  indicated  that  the  control  subjects  showed 
little  change  over  trials  while  the  asymptomatic  s\ibjects  generally 
improvau  with  practice.  Tha  asymptomatic  subjects  did,  however, 
start  from  a  slightly  poorer  level  of  performemce  than  tha  control 
subjects. 

Distribution  tests.  Tha  analyses  described  above  test 
differences  in  the  means  of  tha  two  distributions.  Although  the 
means  of  tha  distributions  do  not  differ,  conceivably  tha 
distributions  themselves  may  differ.  For  exeuzple,  tha  skewness  of 
one  group  may  be  greater  than  the  other.  To  test  this  hypothesis, 
Komogorov-Smimov  two-sample  distribution  tests  were  conducted  on 
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th«  averaga  percentage  correct  and  the  average  correct  reaction 
tine  for  both  the  running  difference  task  and  the  natrix  tasks. 
None  of  the  foxir  analyses  showed  a  statistically  significant 
difference  between  the  two  groups. 

Relation  Between  T4  Cell  Count  and  Teat  Battery  Scores 

Many  recent  studies  have  attempted  to  find  a  relation  between 
laboratory  markers  of  HIV  Infection  emd  perfozrmance  on  assessment 
instruments.  The  means  and  standard  deviations  for  the  two  groups 
on  a  number  of  laboratory  markers  used  in  the  evaluation  of  HIV  are 
given  in  Table  6.  He  calculated  the  correlation  between  performeunce 
on  the  17  raw  variables  of  the  neuropsychological  battery  shown  in 
Table  5  and  the  T4  count.  Instead  of  calculating  the  correlation 
between  the  composite  Wisconsin  Card  Sort  measures  (the  18th 
variable  in  Table  5) ,  we  calculated  the  correlation  between  each  of 
the  measures  (perseverative  responses  and  total  errors)  and  T4  cell 
count.  He  also  calculated  the  correlation  between  the  T4  cell 
count  and  each  of  the  ten  measures  ol  'Che  information  processing 
battery.  None  of  the  correlations  for  the  information  processing 
tests  was  significant  and  only  two  of  the  veuriables  from  the 
neuropsychological  tests  (RENT,  nvunber  correct  on  Trial  1  and  the 
Boston  Neuaing  Test,  total  correct)  were  significant  (r«.3518,  p<.01 
and  r«. 2863,  p<.05,  respectively). 
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Tabl«  6 

M»anm  tor  Both  Groups  on  Fivs  Laboratory  Markers  Used  in  the 
Assessment  of  HIV  Disease 


Group 

Control 

MR  1 

and  2 

Measure 

me2ui 

s.d 

mean 

s.d 

T4  (CD4)  Abs  # 

868.00 

(296) 

629.10 

(222) 

HGB 

15.01 

(0.70) 

14.79 

(0.80) 

Albvimin 

4.81 

(0.24) 

4.52 

(0.24) 

RPR 

(Proportion  Reactive) 

*  0/11 

1/9 

B12  (pg/ml) 

511.00 

(281) 

577.21 

(310) 

*The  decision  to  include  this  test  in  the  physical  examination  was 
made  approximately  half-way  through  the  study.  Consequently,  it  was 
only  administered  to  11  of  the  control  siibjects  and  9  of  the 
asymptomatic  subjects. 
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DZ8CU8SZ0M 

This  study  had  two  main  purposes.  The  first  was  to  identify 
the  stage  at  which  cognitive  inpairments  can  be  detected  in 
individuals  infected  with  the  HIV  virus.  More  specifically,  the 
question  was  "At  what  stage  of  the  Walter  Reed  Classification 
systea  are  significemt  cognitive  decrements  observed  compared  to 
appropriate  controls?"  The  second  purpose  of  this  study  was  to 
compare  the  relative  sensitivity  of  information  processing  tests 
and  neuropsychological  tests  for  detecting  HIV  decrements.  We  will 
discuss  the  second  purpose  first. 

Which  Type  of  Test  is  More  Hensitive? 

The  neuropsychological  battery  indicated  that  subjects  in  the 
Walter  Reed  Stages  1  and  2  Group  had  significantly  poorer  verbal 
episodic  memory  as  measured  by  the  University  of  Southern 
California  Repeatable  Episodic  Memory  Test,  Trial  1  and  poorer 
verbal  fluency  as  measured  by  the  Oral  Fluency  Test  when  compared 
to  the  homosexual  control  group.  The  information  processing  tests 
showed  no  significant  between''group  differences.  Thus,  the 
proportion  of  measures  Indicating  a  significant  between-group 
difference  was  somewhat  better  for  the  neuropsychological  battery 
(2  of  18  measures)  than  for  the  information  processing  battery  (0 
of  11  measxures) . 


58 


Ar«  Thar*  Any  oiffarttaoM? 

Th«  prinary  purpose  of  this  study  was  to  deteralne  when 
cognitive  decrements  can  first  be  observed.  Because  the 
symptomatic  group  was  lost  after  reclassification,  this  question 
effectively  was  changed  to  "Are  there  any  differences  between 
asymptomatic  svibjects  and  the  controls,  emd,  if  so,  what  are  the 
nature  of  the  decrements?" 

NauropsycbologicAl  tests.  Subjects  in  the  Walter  Reed  Stages 
1  and  2  Group  had  significantly  (p<0.05)  poorer  verbal  episodic 
memory  as  measxired  by  the  University  of  Southern  California 
Repeatable  Episodic  Memory  Test,  Trial  1  and  verbal  fluency  as 
measured  by  the  Oral  Fluency  Test  compared  to  the  homosexual 
control  group.  The  Walter  Reed  1  and  2  Group  was  slightly  more  them 
two-thirds  of  a  standard  deviation  below  the  homosexual  control 
group  on  the  University  of  Southern  California  Episodic  Memory  Test 
and  half  a  standard  deviation  below  them  on  the  Oral  Fluency 
measure. 

Given  the  number  of  neuropsychological  tasks  involved,  these 
findings  do  not  provide  strong  evidence  of  neurocognitive 
decrements  in  HIV+  asymptomatic  subjects.  If  it  were  not  for  the 
fact  that  the  literature  shows  quite  consistently  that  tests  of 
verbal  episodic  memory  are  reduced  in  patients  who  have  ARC/AIDS, 
then  it  might  be  possible  to  dismiss  these  findings  as  either  due 
to  chance  or  as  purely  trivial.  But  a  number  of  studies  have 
reported  memory  decrements  associated  with  HIV  (Bomstein  et  al., 
1992;  Gibbs,  Andrewes,  Szmukler,  Mulhall,  and  Bowden,  1990;  Goethe 
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et  al.,  1989;  Wilkie  et  al.,  1990).  The  existing  literature  and 
these  results  Indicate  that  memory  may  be  one  of  the  most  sensitive 
neurocognitlve  functions  to  HIV  infection. 

Research  on  the  sensitivity  of  verbal  fluency  to  HIV  infection 
is  not  as  consistent  as  the  findings  witli  regeurd  to  memory.  The 
Verbal  Fluency  Test  is  also  one  of  the  tests  included  in  the 
Hulticenter  AIDS  Cohort  Study  longitudinal  research  on  the 
progression  of  HIV  infection.  Left  frontal  lobe  structiires 
underlie  verbal  fluency  performance  and  the  particular  sensitivity 
of  frontal  lobe  structiires  to  perturbations  with  HIV  infection 
would  certainly  lend  some  support  to  this  as  being  an  early 
affected  neurocognitlve  function. 

Neither  the  episodic  memory  nor  the  verbal  fluency  results 
demonstrated  in  this  study  can  be  completely  accounted  for  by 
premorbld  differences.  First,  we  must  again  point  out  the  two 
groups  were  not  significantly  different  in  terms  of  their  NART-R, 
WAIS~*R  Vocabulary,  or  WAIS-R  Information  scores,  three  measxires 
that  are  considered  reflections  of  premorbld  fiuictioning.  Second, 
the  correlations  between  NART-R  and  either  the  episodic  memory 
measure  or  the  oral  fluency  measures  were  not  large.  For  the 
groups  combined,  the  correlation  between  University  of  Southern 
California  Repeatable  Episodic  Memory  Test  1  emd  NART-R  was  0.25 
and  between  oral  fluency  and  NART-R  was  0.39. 

There  were  additional  trends  in  the  neviropsychological  data 
that  should  be  mentioned  but  not  overly  emphasized.  The  Walter 
Reed  Stage  1  and  2  Group  subjects  showed  a  trend  (0.05<p<0.10) 
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towards  poorer  performance  on  the  Boston  test  of  confrontational 
naming,  and  on  two  visual  spatial  tests,  neuaely  WAIS-R  Block  Design 
and  copying  of  the  Complex  Figure.  Each  of  these  tests  has  been 
found  impaired  in  patients  with  AIDS.  The  trend  in  the  present 
data  suggests  that  futiire  studies  of  asymptomatic  individuals  might 
consider  including  these  tests. 

Information  procoaaing  tests.  The  information  processing  tests 
showed  one  significant  difference  between  the  asymptomatic  subjects 
and  the  control  sxibjects  on  the  Sternberg  Task.  The  Group  by  Trials 
interaction  on  the  percent  correct  variable  reflected  a  greater 
improvement  in  performance  by  the  asymptomatic  group,  which  started 
from  a  lower  accuracy  level  than  the  control  group.  Because  there 
was  no  main  effect  of  group,  no  strong  conclusions  should  be  made 
concerning  this  result.  No  significant  differences  in  the 
distribution  of  the  reaction  times  were  found  between  the  two 
groups  on  either  the  running  difference  task  or  the  matrix  task 
despite  the  promising  results  by  Hapou  et  al.  (1993) . 

Methodologioal  Issues 

As  noted  in  the  Introduction,  studies  exeuaining  the  effects  of 
HIV  on  cognitive  processes  have  many  potential  methodological 
problems.  We  attempted  to  control  or  eliminate  these  problems  by 
rigorous  and  repeated  screening  for  svibstemce  abnae,  a  history  of 
psychiatric  problems,  the  use  of  psychoactive  medications,  and 
neurological  problems.  We  only  enrolled  sxibjects  whose  native 
language  was  English  or  who  acquired  English  by  age  6. 
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Additionally,  we  matched  the  groups  on  a  number  of  demographic 
variables.  Specifically,  the  five  groups  in  the  original  design 
were  carefully  matched  on  age,  education,  and  ethnicity.  Such 
matching  is  a  time-consuming  and  expensive  process  that  resulted  in 
excluding  many  potential  subjects  and  significantly  narrowed  the 
pool  of  potential  candidates. 

Despite  extensive  efforts  to  screen  out  major  confounding 
variables,  the  homosexual  control  group  did  differ  significantly  on 
some  neuropsychological  tests  and  measures  of  information 
processing  from  the  heterosexual  control  group.  Thus,  we  had  to 
determine  which  of  the  two  groups  was  the  appropriate  control  group 
for  comparison  purposes.  The  heterosexual  control  group  was 
included  to  allow  comparisons  to  data  obtained  from  military 
personnel.  The  homosexual  control  group  was  included  to  control  for 
lifestyle  variables,  such  as  alcohol  and  drug  use,  that  are 
prevalent  among  sexually  active  homosexual  men  at  risk  for  HIV 
infection.  These  variables  are  difficult  to  measure  directly,  but 
they  can  significantly  influence  cognitive  performance.  Thus, 
without  controlling  for  the  influence  of  these  variables  and  by 
looking  only  at  a  control  group  of  HIV-  heterosexual  males,  the 
cognitive  changes  associated  with  HIV  in  Walter  Reed  Stages  1  and 
2  may  be  overestimated.  For  exeunple,  if  the  Walter  Reed  1  and  2 
Group  had  decreased  cognitive  performance  compared  to  heterosexual 
controls,  the  decrements  might  be  attributed  to  HIV  infection.  In 
fact,  however,  such  decrements  might  be  caused  by  other  variables 
that  can  affect  cognitive  function  and  are  prevalent  in  the  urban, 
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homosexual  male  population  that  is  at  risk  for  HIV  infection.  Thus, 
we  selected  the  homosexual  control  group  to  control  for  possible 
lifestyle  differences  that  could  affect  performemce  on  the 
cognitive  tests. 

Possible  Interpretation  Oiffioulties 

The  selection  of  the  homosexual  control  group  as  the 
appropriate  reference  group  did  not  eliminate,  however,  all  of  the 
data  interpretation  problems.  The  sample  comprising  the  homosexual 
control  group  and  the  loss  of  the  symptomatic  group  caused  by  the 
reclassification  may  have  resulted  in  an  ^lnderestimation  of  the 
HIV~related  cognitive  deficits.  Each  of  these  will  be  discussed  in 
turn. 

The  homosexual  control  group  may  have  had  mild-to~moderate 
neurocognitlve  decrements  as  Indicated  by  their  performance  on  a 
number  of  variables  compared  to  the  heterosexual  controls, 
including  the  PASAT.  The  PASAT  is  used  as  a  measure  of  speed  of 
information  processing.  It  was  designed  to  test  the  effecLs  of 
head  Injury  and  to  predict  the  ability  to  return  to  work  after  head 
injury  (Gronwall,  1977) .  The  homosexual  control  group  performed 
significantly  more  poorly  than  the  heterosexual  control  group  and 
the  Walter  Reed  Stages  1  and  2  Group.  The  homosexual  controls  were 
1.7  standard  deviations  below  average,  whereas  the  asymptomatic 
group  was  0.8  standard  deviations  below  average.  Since  the  control 
group  was  confirmed  to  be  HIV  negative,  the  PASAT  decrements  must 
have  been  caused  by  some  other  variable  or  variables.  The  fact  that 
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tha  homosexual  control  group  was  on  the  average  performing  at  a 
mild-to-moderately  impaired  range  raises  the  possibility  that  this 
group  might  have  included  subjects  who  suffered  head  injuries  that 
went  undetected  in  the  screening. 

We  should  also  note  that  the  homosexual  control  group  reported 
somewhat  heavier  drinking  than  the  HIV-f  group  (an  average  of  1.8 
drinks  per  occasion  for  the  homosexual  contools  and  1.3  for  the 
asymptomatic  group,  a  difference  that  was  not  significant  for  a».05 
but  was  significant  for  a>10  (p«0.06) .  Previous  research  has  shown 
that  the  amoiint  people  drink  per  occasion  is  significantly  related 
to  decreased  performance  on  certain  cognitive  tests  (Parker, 
Parker,  and  Harford,  1991) .  In  the  present  study  we  screened  out 
siibjects  who  reported  drinking  amounts  in  the  range  considered 
hazardous  for  cognitive  functioning.  However,  the  results  of  the 
drug  toxicological  screening  indicated  that  self-reported  substance 
abuse  may  have  been  a  problem  in  this  study;  many  subjects  who 
reported  no  drug  use  actually  tested  positive.  The  main  point  is 
that  the  reduced  scores  on  certain  neuropsychological  tests  of  the 
homosexual  control  group  compared  to  the  heterosexual  control  group 
raises  the  possibility  that  this  group  has  problems  other  than  HIV 
that  affected  their  neurocognitive  performance  and  that  might  not 
be  problems  to  the  same  extent  in  the  Walter  Reed  1  and  2  Group. 

The  second  problem  concerned  the  loss  of  the  Walter  Reed 
Stages  3  and  4  Group  and  the  Walter  Reed  Stage  5  Group.  These 
groups  were  expec  ad  to  exhibit  significant  decrements  in  certain 
areas  of  neurocognitive  functioning  compzured  to  controls  and  were 
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to  provide  an  endpoint  of  comparison.  The  Walter  Reed  1  and  2 
Group  was  expected  to  fall  somewhere  between  the  controls  and  the 
Walter  Reed  3  and  4  Group.  This  was  the  type  of  design  used  by 
Grant  and  his  coworkers  (Grant  et  al.,  1987)  who  report  a  pattern 
of  performance  suggestive  of  cognitive  decrements  in  HIV+ 
asymptomatic  persons  who  were  not  selected  to  be  symptom  free.  In 
that  paper  there  were  no  significant  differences  between  the 
controls  and  the  HIV+  asymptomatic  group.  The  pattern  that 
suggested  HIV  involvement  was  based  on  a  significemce  test  across 
four  groups — controls,  asymptomatic,  ARC,  and  AIDS~->and  a  pattern 
of  decreasing  performance  in  the  meems  across  the  foxir  groups  on 
two  tests,  PASAT  and  the  Category  test. 

Because  the  present  study  lost  its  more  advanced  stage  group 
with  reclassification,  we  were  unable  to  determine  internal 
endpoints  to  define  the  areas  of  cognitive  decrements.  The 
possible  stepwise  progression  of  deficits  could  not  be  exeunined. 
If  there  were  mild  decrements  in  the  Walter  Reed  Stages  1  and  2 
Group,  but  these  decrements  were  not  significant  when  compared  to 
the  control  group,  the  true  effects  might  be  missed,  unless  there 
was  a  very  large  sample. 

Conclusion 

One  of  the  major  outcomes  of  this  study  may  be  a  greater 
appreciation  of  two  methodological  problems:  the  choice  of  a 
control  group  and  substance  abuse  assessment.  The  homosexual 
control  group  appears  to  be  necessary  to  control  for  lifestyle 


65 


difference  when  studying  HIV+  homosexual  men.  Nevertheless,  for 
some  comparisons  em  additional  heterosexual  control  group  may  be 
appropriate.  Thorough  and  repeated  assessment  of  substemce  use  must 
be  Included  as  screening  measures.  The  screening  should  Include  as 
complete  a  determination  as  possible  of  the  types  of  sxibstances 
used,  the  frequency  of  use,  and  how  long  they  have  been  used.  If  a 
toxicological  screen  Is  administered.  It  must  be  administered  just 
before  the  cognitive  assessment. 

In  conclusion,  the  present  study  provides  some  modest  support 
for  fxirther  research  on  the  question  of  cognitive  decrements  In 
asymptomatic  HIV-Infected  persons.  The  assessment  batteiry  should 
Include  neuropsychological  Instrtiments  measuring  verbal  episodic 
memory,  word  fluency,  and  visual  spatial  functions  as  well  as 
selected  Information  processing  tasks,  and  at  least  one  measure  of 
premorbld  functioning. 
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